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Input/ output quad modules are scheduled to be available from Potter & Brumfleld in the second 
quarter of 1984. Please contact your Potter & Brumfield sales representative for specifications on 
these units. 
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POTTER & BRUMFIELD 



Solid State Relay and I/O Module User's Information 



RELAY TYPES 
AND CHARACTERISTICS 



Solid state relays (SSRs) and output modules are similar to 
electromechanical relays conceptually in that both types em- 
ploy a circuit for control and a separate circuit for load 
switching (Figure 1). In an electromechanical relay (EMR), 
the coil represents the control or coupler circuit, and a mov- 
able set of contacts represents the load switch. 

The load switch used in DC solid state relays and DC out- 
put modules is a transistor. In AC relays and AC output mod- 
ules, it is either inverse-parallel connected silicon controlled 
rectifiers (SCRs) or a triode AC switch (triac). 
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Figure 1 

Functional diagram of solid state relay. 

The coupler circuit controls the operation of the load 
switch and isolates it from the circuit controlling the relay. 
The coupler circuit gives the relay the versatility to accept a 
variety of input voltages and currents, either AC or DC, re- 
gardless of load voltage and power. The coupler, in effect, 
characterizes the relay. 
Three types of couplers are most commonly used. Hybrid 

SSRs generally utilize a reed relay coupler. Opto-coupled 

SSRS use a light-emitting diode (LED) and a photo detector. 

The third type of coupling consists of a small transformer and 

associated circuitry. 

Reed-Relay Coupled Hybrid Solid State Relays (HSSR) 

A hybrid solid state relay is typically a one form A (SPST- 
NO) four terminal device. Input-to-output isolation is pro- 
vided by a reed relay. 

A reed relay consists of a reed switch around which a coil 
is wound. When rated voltage is applied to the coil, the re- 
sultant magnetic field closes the reed blades (Figure 2). 
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A reed relay consists of a reed switch in a capsule around which 
a coil is wound. 

Potter & Brumfield uses a unique reed for HSSR use. The 
testing, contact signature, pick-up and drop-out differential, 
plating, internal pressure and atmosphere, plus blade con- 
figuration, are closely controlled for maximum performance 



in HSSRs. These reed capsules will typically perform de- 
pendably for tens of millions of operations. Care should be 
taken, however, to operate the reed input within specified 
limits. 

The input (reed coil) normally requires more power (300 to 
450 mW) than the other types of SSRs (30 to 100 mW). Potter 
& Brumfield's experience indicates that 300 mW is needed 
for the reed relay controlling a triac switching 120V, 50/60 
Hz. Generally, 450 mW is desired for controlling a triac that 
switches 240V, 50/60 Hz. 

The operate time of the reed relay is typically 0.6 ms. This 
is not a deterrent in most applications where line voltage fre- 
quency is 50 or 60 Hz. 

In rare applications the reed relay coupler operation may 
be affected by stray magnetic fields. This condition is easily 
remedied by magnetic shielding. 

Mechanical shock is not usually a problem unless forces in 
the order of 100g's are encountered. Vibration should not be 
of concern unless forces in the order of 20g's in the fre- 
quency range of 2,500 Hz are present. Input-output isolation 
of the reed coupler is >10 9 ohms, and breakdown voltage is 
> 1,500 rms, 60 Hz (designs can be provided to exceed 
3,750V rms, 60 Hz). 

Potter & Brumfield HSSRs are random turn-on devices. 
Zero voltage turn-on is possible but there are a considerable 
number of components required to accomplish this, and cost 
usually is prohibitive. 

Although the random turn-on causes some EMI and RFI, 
the amount may be up to 50 times less than that produced by 
the making of hard contacts of an EMR due to the multiple 
openings and closings (bounce) of EMR contacts. Also, it is 
the nature of the HSSR load switch to turn off only when load 
current is near zero. Therefore, there is no EMI as a result of 
a rapidly collapsing magnetic field of the load circuit. 

Due to the inherent nature of their basic design, HSSRs 
(Figure 3) are simpler, cost less, have fewer components, 
and have inherently greater overall transient immunity than 
SSRs. 
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Figure 3 

Functional diagram of reed coupled SSR. 

Optically Coupled Solid State Relays 

An optically coupled solid state relay is typically a one form 
A (SPST-NO) four-terminal device. Isolation is provided by 
optical means between the control (input) terminals and the 
load switch (Figure 4). The opto-coupler accepts relay con- 
trol voltage and, via the LED, converts this power to light 
energy. This light is collected by a photo detector which con- 
trols the thyristor gate-firing circuit or zero voltage detection 
circuit. Input-output isolation is 10' ohms, and breakdown 
voltage is 1,500V rms, 50/60 Hz, with 2500V rms and 4000V 
rms optional. The characteristics of the LED permit control 
circuit designs that accept a wide range of input voltages. 
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Figure 4 

Functional diagram of opto-coupled SSR. 



Based on a 10% reduction in light output, the life expect- 
ancy of an opto-coupler is in excess of 50,000 hours. The 
opto-coupler is actuated in microseconds, is not normally af- 
fected by shock or vibration, has no bounce, and can be 
driven directly by many MOS and TTL gates. 

The on /off state of the photodetector controls the state of 
the logic that permits gating of the output triac. Optically 
coupled designs usually feature zero voltage turn-on of the 
triac (see page 11 ). That is, if input control voltage is applied 
when instantaneous load-line voltage is greater than approx- 
imately 20 volts, the triac remains off until line voltage 
crosses zero and increases to the turn-on voltage of the triac 
circuitry— typically just 3 or 4 volts. This reduces EMI at turn- 
on to less than one-hundredth that of an EMR, and approx- 
imately one-fifth that of an SSR without zero voltage turn-on. 

After initial turn-on, successive half cycle turn-on for SSRs 
requires 5-1 0V across the triac, depending on the load being 
switched. Generally, 5-15 mA is required to properly operate 
the coupler. Currents in excess of 20-25 mA may start dete- 
rioration of the LED coupler, particularly at elevated 
temperatures. 

Fixed input SSRs are available to operate from supplies of 
5, 6, 12 and 24 VDC. Also offered is a universal input type 
that operates from 3-32 VDC. Potter & Brumfield's expe- 
rience is that the fixed input types are more performance/ 
cost effective. 

Care should be exercised to match the following input 
characteristics to the input of the actual application: 

1 . Must operate voltage and current. 

2. Must not operate voltage and current. 

3. Maximum permitted voltage, and maximum reverse 
voltage. 

The theoretical advantages of the SSR over the HSSR may 
not always be realized in practice due to the SSR's greater 
number of component parts, several of which must withstand 
the voltage stresses encountered by the output switch. 



Transformer Coupled Solid State Relays 

A transformer coupled SSR is typically a four terminal de- 
vice available in SPST-NO (one form A) configuration. Relay 
control voltage operates an oscillator, the output of which 
provides primary current in a toroidal transformer. Oscillator 
frequency ranges from 50 kHz to 500 kHz. The transformer 
output controls the thyristor gate-firing circuit (Figure 5). 

Input-output isolation is >10 9 ohms, and breakdown volt- 
age is >1,500V rms, 60 Hz. Unlike an opto-coupler, the per- 
formance of a transformer coupler does not degrade notice- 
able over the life of the relay. In addition, the transformer 
coupled SSR has fewer total components than the opto-iso- 
lated SSR, and is less temperature sensitive. However, it 
does not have the zero voltage turn-on feature. 
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Figure 5 

Functional diagram of transformer-coupled SSR. 



THE LOAD SWITCH 

To properly apply solid state and hybrid relays, it is neces- 
sary to have a fundamental working knowledge of the oper- 
ation of these relays. Since a great many operational consid- 
erations in AC systems involve the load switch, the load 
switch will be examined in detail. 

A silicon controlled rectifier (SCR) is a four-layer semi- 
conductor device having three terminals: cathode, anode, 
and gate (Figure 6). It normally blocks current in both the 
forward and reverse directions. It may be triggered on in the 
forward direction by the injection of a small current into its 
gate. Once on, the SCR remains on until load current de- 
creases to a value less than that necessary to maintain con- 
duction. For switching AC loads, two SCRs are connected in 
inverse-parallel, or a triac is used. 
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Figure 6. 

Functional diagram of SCR. 

The operation of an SCR can best be understood by a two- 
transistor analogy. As shown in Figure 6, the base of one of 
the transistors is actually the gate of the SCR. The open 
emitter of the NPN is the cathode of the SCR; and the open 
emitter of the PNP is the anode of the SCR. 

Assuming a complete (load) circuit, when base current is 
injected into Q2, its collector pulls current through the base- 
emitter junction of Q1. This current causes Q1 collector cur- 
rent; the base-emitter junction of Q2 being the source path 
forQ1 collector current. Q2 goes into saturation, as does Q1. 
Gate current can now be discontinued, but because each 
transistor holds the other in saturation, the SCR will continue 
to conduct. The SCR will cease conduction only when cur- 
rent through it decreases to a value insufficient to maintain 
that conduction— typically less than 100 milliamps. While in 
conduction, the voltage drop of the device approximates the 
drop of a single PN junction. That is, the drop may be just a 
fraction of a volt to perhaps 1 or 2 volts, depending on load 
current. 



The operation of a triac (fn'ode AC switch) is functionally 
identical to that of two SCRs connected in inverse-parallel. 
Indeed, the symbol for a triac is a pair of inverse-parallel con- 
nected SCRs. 

Like the SCR, the triac (Figure 7) is gate controlled, and 
will cease conduction only when current through it de- 
creases to a value insufficient to maintain conduction. Be- 
cause a triac is used with AC, and because load current de- 
creases to zero every half cycle, the triac ceases conduction 
twice each cycle. However, as long as gate current is pres- 
ent, the triac will immediately resume conduction after load 
voltage crosses zero and begins to increase in magnitude. 




Figure 7 

Functional diagram of triac. 



SCRs and triacs require a minimum amount of current 
through them to remain in conduction. This is called holding 
current and, as stated, typically will be less than 100 
milliamps. In order to achieve holding, initial load current 
during the first few microseconds of gate current must ex- 
ceed the holding current value. This initial load current is 
called latching current, and may be as much as 300% of the 
holding current. Because of this latching current value, when 
conducting low load currents, it is important that initial load 
current briefly exceed the holding current rating of the solid 
state relay. Otherwise, the device may not latch on. 

In the off-state, the SCR or triac must be able to withstand 
the stress of the circuit voltages which appear across it. A 
voltage in excess of the blocking voltage of the SCR or triac 
can force sufficient current through the device to cause it to 
turn on, even though there is no gate current present. An 
overvoltage of just a few microseconds in duration can result 
in unwanted turn on. Once on, of course, the device will re- 
main on until load current decreases to less than the holding 
current value. 

Every SCR and triac has a rated blocking voltage, some- 
times called withstand voltage. This blocking voltage is rated 
for given temperature limits. Exceeding the temperature limit 
will decrease the blocking voltage rating. That is, the device 
will not be able to withstand the value of voltage for which it 
is rated. A brief but excessive overcurrent, for example, can 
cause a momentary increase in junction temperature suf- 
ficient to lower the blocking value of the device. Should the 
device immediately be turned off by removal of gate current, 
any overvoltage (or even line voltage peaks) may cause it to 
turn right back on. This condition will exist until junction tem- 
perature returns to within its rated specifications. 

In many applications the relay load circuit is in parallel with 
other circuits. The operation of these circuits (when con- 
trolling inductive loads) often impose spurious voltages on 
the AC line. These transients may have an amplitude in ex- 
cess of the forward-breakover voltage of the SCR or triac 
and a time duration sufficient to cause the device to turn on. 
If so, the relay will remain on until load current decreases to 
below the holding current value. 



Since in a 60 Hz circuit the AC waveform crosses zero 
every 8.3 milliseconds, load current will cease within 8.3 ms. 
This condition is commonly known as "half-cycling." Al- 
though most loads cannot react in the short time of 8.3 ms., 
transients of sufficient frequency to cause consecutive half- 
cycling may present a problem. 

Forward-breakover turn-on (half cycling) can damage the 
load switch. Protection (zener diodes, metal oxide varistor, 
etc.) may be incorporated in the relay or circuit to protect 
against such overvoltage false triggering. 

There are two blocking voltage ratings for an SSR, repeti- 
tive and nonrepetitive. Both are usually found in the data 
sheet. Generally, the repetitive peaks of the AC line voltage 
should not exceed 90% of the repetitive blocking voltage rat- 
ing for the relay. Potter & Brumfield's 120V AC SSRs have a 
±200V minimum rating, and 240V AC units have a ±400V 
minimum rating. 

In applications where the relay is off for long periods of 
time, continual blocking of normal load voltage may cause 
more stress on the relay than switching or conducting steady 
state load current. In such cases, for maximum relay life, a 
repetitive blocking voltage rating of 1.5 to two times the peak 
of the rms load voltage should be considered. 

In addition to imposing voltage transients on the line, par- 
allel loads can impress overvoltages on the SSR. For ex- 
ample, upon being turned off, a motor becomes a generator 
and may cause an AC voltage in excess of the normal line 
voltage to appear across the relay. Such a voltage should be 
within the repetitive blocking rating of the relay. To ensure 
proper relay selection, always measure complete application 
and load conditions. 

Turning off highly inductive loads near zero current can 
generate induced voltage transients up to twice the peak of 
the applied rms load voltage. (The presence of the snubber 
capacitor limits the induced voltage to approximately twice 
line voltage.) Such nonrecurring transients must not exceed 
the nonrepetitive blocking rating for the relay. Otherwise the 
relay may turn right back on, resulting in an uncontrolled-on 
load. 

A typical minimum rating for nonrepetitive blocking voltage 
of P&B SSRs is ±300V for 120V AC units, and ±600V for 
240V AC units. 

It is thus obvious that in the selection of an SSR, a relay 
whose blocking rating is greater than the worst-case condi- 
tions of the load circuit should be specified. 

dv/dt False Operation 

SCRs and triacs possess the unique ability to be turned on 
from a steeply rising voltage impressed across them. Transis- 
tors, on the other hand, are not as sensitive to this type of 
false operation. 

Rate of rise is designated by the Greek delta (A), abbre- 
viated simply by the letter d. Delta is given for either current 
(0 or voltage (v) with respect to time (f), which typically is V 
sec. Thus, the rate of rise (change) of voltage is designated 
dv/dt. 

Every semiconductor junction possesses inherent capaci- 
tance. Because of this capacitance, a rapidly rising voltage 
will cause a capacitive current through the junction at the 
rate of i = C dv/dt. If this current is in excess of that required 
for latching, the SCR or triac will latch on. Once on, it will re- 
main on until current decreases to less than the holding cur- 
rent value. Such rapidly changing voltages are known as sta- 
tic and commutating dv/dt. 

It is not the magnitude of voltage that causes the switch to 
false operate. Indeed, the voltage peak may be well within 
the blocking capability of the switch. But if the dv/dt is per- 
haps nearly vertical— that is, a step function— the switch may 
turn on. 
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Static dv/dt is present in many load circuits as a result of 
motors, solenoids, switches and other devices being oper- 
ated in the same branch circuit; commutating dv/dt is the re- 
sult of the SSR or output module turning off an inductive 
load. Commutating dv/vt identifies the rate of rise of line 
voltage appearing across a switch upon turning off an in- 
ductive load. 

As shown in Figure 8, while the load switch is in con- 
duction, voltage across the switch (E triac ) is minimal. When 
relay or module control voltage is removed, Point A, the 
switch ceases conduction at the next zero current point 
(Point B). Because inductive voltage and current are out of 
phase, when current ceases, voltage across the switch tries 
to increase instantly to line voltage. The dv/dt of this voltage 
may be sufficient to cause the switch to resume conduction, 
even though there is no control voltage present. Under this 
condition, the load can only be turned off by opening the cir- 
cuit at some other point. 
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Commutating dv/dt occurs as a result of switching off an in- 
ductive load. 

Typically, SSR manufacturers rate commutating dv/dt for 
a given power factor. For example, if the relay has a steady 
state rms current rating of 10 amps, .40 P.F. load, it should be 
able to turn off any load of 10 amps or less having a power 
factor of .40 to 1 .00. If power factor is less than .40 (i.e., more 
inductive), the relay may not turn off when input control is re- 
moved and the load current falls below the minimum holding 
current of the relay. Thus, it is important to identify the power 
factor of the load circuit before selecting the relay to switch 
that circuit. 

To protect the SCR or triac from the step function of 
steeply rising voltages, a series resistor-capacitor dv/dt net- 
work, sometimes called a snubber network, is connected in 
parallel with the switch (Figure 9). This snubber network is 
an integral part of many SSRs and output modules. When the 
SCR or triac is off (static) and when it is just turning off (com- 
mutating), as voltage begins to appear across both switch 
and snubber, the capacitor begins to charge, the rate of 
charge being limited by the snubber resistor. The result is 
that voltage does not appear across the switch as fast as it 
would without the snubber circuit, and the switch is less 
likely to false operate. 
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Figure 9 

A snubber network helps prevent dv/dt false operation. 



The static and commutating dv/dt ratings of any given 
SSR or module will be different. This is because of junction 
heat and load current. Under static dv/dt conditions, the 
switch is off and the junction is cool. However, when commu- 
tating dv/dt occurs, the junction is warm and unable to with- 
stand as steep a rate of change of voltage. It is the nature of 
the SCR and triac that the higher the current being con- 
ducted, the lower the dv/dt capability of the SCR or triac. 
Since the SSR user cannot alter load current, it becomes 
necessary to keep the SSR as cool as possible. 

The dv/dt rating of a solid state relay or output module is a 
function not only of the switch and snubber capacitor, but 
also of the value of snubber resistance. This resistance is 
necessary to prevent the capacitor from dumping its charge 
onto the switch. Without the resistor, the capacitor would 
discharge instantly, perhaps causing the switch to false 
operate. 

Depending on make and model of SSR or module, the 
snubber resistor may be any value from less than 30 ohms to 
more than 100 ohms. Of course, the lower the resistance, the 
faster the capacitor will charge and the higher the dv/dt rat- 
ing of the switch. Naturally, a switch that has a dv/dt rating 
of 500 V/msec. is far more immune to dv/dt false operation 
than a switch that has a rating of lOOVZ/xsec. 

Another way of looking at the need for a small value of 
snubber resistance is voltage division. Since any transient 
voltage will divide between the resistance of the load and the 
snubber resistance, the higher the snubber resistance, the 
greater the possibility of a step-function voltage appearing 
across the switch. 

The snubber resistor is needed for yet another reason. It 
controls capacitor discharge should the switch be turned on 
at or near peak line voltage and of such polarity that capaci- 
tor discharge adds to line voltage. Under this condition, and 
without the resistor, capacitor discharge current would add 
to load surge current. The resultant total surge current might 
damage the switch. 

Usually, the SSR or module manufacturer will select the 
snubber resistor based on the surge current rating of the 
switch. Those manufacturers who use a switch with a high 
surge current rating can use a low value of resistance. Those 
manufacturers who use a switch with a low surge rating must 
use a higher value of snubber resistance. 



Thermal Turn-On 

Thermal turn-on can result when the SSR is placed in a 
high ambient temperature that raises the off-state junction 
temperature above the limit of the SCR or triac. At high tem- 
perature, leakage current doubles approximately with every 
8°C increase in junction temperature. When leakage current 
causes the loop gain of the SCR or triac to approach unity, 
the switch goes on. Only a gross misapplication would allow 
this situation to occur, however. 

Should thermal turn-on occur, input control is lost. To turn 
off the load, the load circuit has to be broken at another loca- 
tion. After a thermal turn-on, the additional heat due to load 
current 1 2 R loss can contribute to thermal run-away and de- 
struction of the load switch. For these and other reasons out- 
lined in this guide, it is important to operate the SSR within its 
maximum temperature rating. 



Current Ratings 

Excessive heat frequently is a contributing factor in early 
failure of the SCR or triac. That is, excessive heat can cause 
degradation of the crystalline structure of the device, and 
can result in a rupture of the structure. Therefore, every ef- 
fort should be taken to keep the operating temperature of the 
SSR load switch as low as possible. 



Heat is generated at a rate of .057 btu per watt per minute. 
(One btu is the amount of heat required to increase the tem- 
perature of one pound of water 1°F.) The more power the 
SCR or triac consumes, the greater the temperature of the 
device. Since P = I 2 R, it is obvious that heat is directly re- 
lated to current. Because of this fact, SSRs have three max- 
imum current ratings which must be observed if maximum life 
is to be realized from the relay. These maximum ratings are: 
steady state rms current; peak, nonrepetitive, one cycle 
surge current; and peak repetitive (or recurrent) surge cur- 
rent. They are based on a maximum allowable SCR or triac 
junction temperature of + 100°C to + 125°C. Exceeding any 
of these ratings, even briefly, can result in degradation of the 
SCR or triac. Such degradation is permanent and, in time, 
when the device repeatedly subjected to such overcurrents, 
the cumulative effects will cause device failure. 

The steady state current rating denotes the maximum 
amount of continuous rms load current the relay can safely 
conduct without overheating. The peak, nonrepetitive, one 
cycle surge current rating ('tsm) denotes the maximum per- 
missible peak current of one 50 or 60 Hertz cycle. Typically, 
the 'tsm is 10 times the steady sta'te current rating. The peak 
repetitive surge current rating denotes the maximum amount 
of repetitive current peaks the relay can safely conduct. 

Since heating is a function of time, relay overcurrent rat- 
ings are given with respect to time. Repetitive surge current 
is usually given for 100 milliseconds, and non-repetitive 
surge current is usually given for the peaks of one full cycle 
of current. Of course, for 60 Hz. current, the time duration of 
one cycle is 16.6 milliseconds. 

Even though load surge currents may be within the listed 
maximum ratings of the relay, junction overheating may still 
occur. Should input control be removed from the SSR imme- 
diately following a surge current, the blocking capability of 
the SCR or triac load switch may become temporarily less 
than line voltage peaks. If this happens, the load switch will 
turn on when line voltage increases to greater than the 
lowered blocking capability of the switch. 

For example, when the SCR or triac junction temperature 
is less than its maximum rating, the blocking capability of the 
switch may be, say, 200 volts. Thus, the peaks of 120V rms 
(i.e., 170V) will not cause the switch to turn on. 

However, excessive temperature causes thermal agitation 
of both majority and minority charge carriers within the semi- 
conductor. Because of this increased movement of the 
charge carriers, less voltage is required to cause breakover 
(turn on) and conduction. Under this condition, perhaps just 
150 volts or less will cause breakover and conduction. 

As shown in Figure 10, assume input voltage is removed 
from the SSR when instantaneous load voltage is at Point A. 
The SCR or triac ceases conduction at Point B, and 'should 
remain off. However, when line voltage increases to 150 volts 
(Point C), breakover occurs. Load current flows until Point D, 
then ceases until Point E, and so on until junction temper- 
ature returns to within specifications. Because of this uncon- 
trolled-on condition, gate control is said to be lost. 

The repetitive surge current rating of the SSR typically is 
low enough that rated surges have no deleterious effect on 
the life of the relay. Nonrepetitive ratings, conversely, are 
usually a measure of the amount of peak current which may 
result in minimal but cumulative degradation of the SCR or 
triac. Because of this, the nonrepetitive rating is given for a 
maximum number of such peak surges. At some time after 
the listed number of such peak surges have been attained, 
the SSR may be expected to fail. To prevent subjecting the 
relay to destructive peak surges, the relay user should select 
an SSR whose maximum ratings are well in excess of the 
worst case application condition expected. 
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Figure 10 

Excessive junction temperature can result in the SSR turning on 
from line voltage of less than peak value. 

Current Rate-of-Rise (di/dt) 

Overcurrents aren't the only cause of junction over- 
heating. The rate of rise of a current (even within the rating 
of the relay) can be so steep that full load current tries to flow 
before the junction is in full conduction, and junction hot 
spots can develop. These hot spots can cause degradation 
of the switch. 

The SSR is so designed that the SCR or triac will be in full 
conduction typically between 1 and lO^sec. after application 
of gate current. During this turn-on period, the rate of rise of 
load current must be slow enough that at any given instant 
the device is not subjected to more current than it can safely 
conduct. 

As shown by Figure 11, a particular SCR might be able to 
safely handle 50 amps one microsecond after load current 
begins, as denoted by Point A. At 0.2/isec. after load current 
begins (Point B), load current must not exceed 10 amps. At 
0.4fisec, current must not exceed 20 amps, and so on. 
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Figure 11 

Initial SCR /triac load current permissible during turn-on. 



Load current di/dt is determined by the load circuit, not 
merely by the load itself. The circuit of a primarily resistive 
load, for example, may contain such a length of conductors 
that a considerable capacitance is present. When power is 
initially applied to the circuit, at time zero there is an in- 
stantaneous inrush of current limited only by circuit resist- 
ances. Such an inrush may have a di/dt of hundreds of amps 
per microsecond. If such is the case, an inductance may be 
placed in series with the load to limit di/dt. The inductive re- 
actance causes a lag in current, and compensates for the 
lead caused by the capacitance. A highly inductive circuit, of 
course, retards di/dt the most. It is for this reason that some 
SSR users include a saturable reactance in their circuit, if 
stray inductance isn't sufficient to limit di/dt to an accept- 
able amount. 

Load current di/dt during normal input controlled turn on 
should not exceed 50 A/fisec, whereas di/dt for a voltage 
breakover condition should not exceed 10 A//xsec. It must be 
noted, however, that the SSR should never be subjected to 
voltages in excess of its blocking voltage rating. Doing so will 
result in an unwanted operation of the load. When determin- 
ing the di/dt of an application, current discharged through 
the SSR load switch by any external snubber capacitor used 
must be taken into consideration. Although limited by the 
snubber resistor, this current adds to the rate of rise of load 
circuit current. 

Heatsinking 

As stated, unless junction heat is dissipated, maximum al- 
lowable junction temperature will be exceeded and struc- 
ture degradation may result. At the very least, normal elec- 
trical characteristics of the device may be temporarily 
altered. 

To aid in heat dissipation, a thermally conductive path is 
provided between the load switch and the air surrounding 
the relay. This path is provided both by the potting com- 
pound in which the relay is encapsulated, and by the relay 
baseplate. 

The potting compound is a liquid plastic containing a large 
concentration of a thermally conductive material such as 



silica or alumina. Once poured into the relay, the plastic so- 
lidifies. Heat from the load switch travels through the com- 
pound and is radiated by the relay case into the surrounding 
air. 

The thermal path to the relay baseplate is provided by a 
beryllium oxide disc (Figure 12) which separates the load 
switch from the baseplate. Ideally, the switch would be sol- 
dered directly to the baseplate and the baseplate would pull 
heat out of the switch. Since the case of many SCRs and 
triacs, however, is electrically "hot", electrical isolation be- 
tween switch and baseplate is necessary. The beryllium ox- 
ide disc provides this electrical isolation, yet provides an ex- 
cellent thermal path. The load switch is soldered to the disc 
and the disc is soldered to the baseplate. If desired the base- 
plate may be mounted to a heatsink. Heatsinks, of course, 
enable the SSR to switch larger current. 

The rating for heatsinks is given in thermal resistance 
(°C/W). Thermal resistance is the ratio of the temperature 
rise of the heatsink to the rate in watts at which heat is gen- 
erated. A heatsink rated 1°C/W is thermally more efficient 
than one rated 3°C/W. That is, the 1°C/W heatsink will dis- 
sipate more heat than the 3°C/W heatsink. For a 30 watt 
heat source, the temperature of the 1°C/W heatsink will in- 
crease only by 30°C, while the temperature of the 3°C/W 
heatsink will increase by 90°C. Add these temperature rises 
to normal ambient temperature of, say, + 25°C, to obtain to- 
tal heatsink temperature. 

Since the SSR load switch is the heat source, it will always 
be hotter than the heatsink. This means the 3°C/W heatsink 
cannot be used with an SSR that is generating 30 watts sim- 
ply because the sink would not pull enough heat from the re- 
lay and the junction temperature of the switch would exceed 
the maximum allowable of + 100°C. The efficiency of such a 
heatsink can be increased, however, simply by placing it in a 
forced stream of air, or by mounting the sink to a refrigerated 
surface. 

The steady state current rating of chassis mount SSRs is 
listed for the relays with and without a heatsink. The reason 
for this is that by use of a heatsink, a given relay can safely 
conduct more current than it can without a heatsink. 
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Figure 12 

SCR/triac load switch heat is dissipated via both the beryllium- 
oxide disc and heatsink, and by the potting compound through 
the case to the surrounding air. 



As shown by the derating curve for free air mounting in 
Figure 13, a given SSR may be able to safely conduct only 6 
amps without a heatsink. When used with a 2°C/W heatsink, 
that same relay will safely conduct 15 amps. Note, though, 
that the curve in both charts is derated from +25°C to a 
maximum operating temperature of +80°C ambient. This 
means that if the relay is in an equipment cabinet, for ex- 
ample, the ambient temperature of which (including the heat 
generated by the relay itself) is +40°C, the current handling 
capability of the relay must be derated to 4.5 amps without 
heatsink, and 11 amps with heatsink. 
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Figure 13 

Solid state relay current derating curves. 



The formula for the thermal resistance of the heatsink is: 

Rsb-a = I^CC/W) 

T B is the temperature of the baseplate of the relay. T A is the 
ambient temperature and P is the power (heat) to be dis- 
sipated. 

The thermal resistance of a 6" x 6" x .125" aluminum plate 
is 3.5°C/W. When using other heatsinks, one merely needs 
to determine the rating of the heatsink required by the relay. 
For example, an application requires a relay that will switch 6 
amps in a 45°C ambient. For the application a relay rated for 
10 amps with heatsink is selected. The power that must be 
dissipated is 9 watts, the product of the voltage across the 
relay (e.g. 1.5 V from the relay data sheet) and the load cur- 
rent (1.5 x 6 = 9). 

From Figure 14, it is determined that the 6 amp line inter- 
sects the derating curve at 73°C. That is, the baseplate tem- 
perature must not exceed this temperature. Therefore the 
rating of the heatsink required is (73°C-45°C)/9W or 3.1 °C/ 
W. Such a heatsink can be selected from standard heatsink 
catalogs. Conversely: 

Maximum current can be determined by solving the equation 
as follows: 

P 

V 

And maximum ambient: 



P _ andh 



Ta — Tj — Pqb-a 
Performance and reliability will be enhanced considerably 
by operating the relay as far below maximum temperature 
ratings as practical. 
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Figure 14 

Current derating vs. SSR baseplate temperature. 



When mounting relay to heatsink, make sure the surface of 
both the relay base plate and heatsink are clean and free of 
any oxidation. Liberally coat the baseplate and heatsink sur- 
faces with a thermally conductive compound such as a sili- 
cone grease and torque the relay mounting screws to insure 
secure mounting 

Ambient temperature derating curves are useful for most 
applications. They are plotted to insure that the SCR or triac 
junction temperature is maintained below the maximum al- 
lowable. A more accurate method of determining the amount 
of derating required is by measuring the temperature of the 
relay baseplate while the relay is conducting load current. 
Such measurement is accomplished by use of a thermo- 
couple, and is more meaningful than simply measuring the 
ambient temperature. 

The temperature of the operating relay is measured on the 
relay baseplate anywhere near the mounting screw. By locat- 
ing the value of measured temperature on the appropriate 
derating chart, the relay can be derated accordingly. Note in 
Figure 15 that for one relay, derating is to + 85°C, while for 
another relay derating is to + 100°C. The maximum junction 
temperature (Tj)of the first relay is + 100°C, while the max- 
imum allowable for the other relay is + 115°C. Thus, the de- 
rating curves allow for a 15° differential between junction 
and baseplate temperatures. 
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Figure 15 

Current derating for SSR having maximum Tj of + 100°C, and for 
SSR having maximum Tj of + 115°C. 

Measuring SSR Power 

The power consumption and resultant temperature rise in 
the load switch are the direct result of the resistivity of that 
switch. By its very nature, the switch (semiconductor) has a 
certain on-state resistance which is detectable only by meas- 
uring the on-state voltage drop of the switch. (Do nor use an 
ohmmeter to try to measure on-state resistance.) As with any 
resistance, the greater the current through the switch, the 
greater the voltage drop across it (E = IR). 



This on-state voltage drop is useful in determining the 
amount of power being consumed by the switch, and thus 
arriving at an approximation of the amount of heat being 
generated. 
That is, 

P = EI 

where, P = power in watts. 

E = on-state voltage. 
I = load current. 
Of course, once power in watts is known, heat may be calcu- 
lated at .057 btu/W/min. 

Measurement of on-state voltage is the only way to deter- 
mine whether the relay is "on" (should the load not react). 
Some SSR users try to check the SSR in the same manner 
they check the contacts of an electromechanical relay. That 
is, they place on ohmmeter across the switch. As stated, an 
SSR can only "turn on" when load current is present. If the 
load circuit is open or at very low current levels, the relay will 
not go on even though relay input voltage may be present. 

Both reed and transformer coupled relays are random 
turn-on devices. That is, load current will begin immediately 
upon application of SSR control voltage. As shown in Figure 
16, if line voltage happens to be at or near peak the instant 
load current begins, a steep di/dt may occur as current 
rushes to the maximum allowed by the circuit resistances 
and the value of instantaneous load voltage. Since it takes 
between 1 and 10 microseconds from the instant of gate cur- 
rent for the SCR or triac to be in full conduction, an exces- 
sively steep di/dt can cause junction overheating and pos- 
sible junction degradation. Additionally, the rush of current 
may be detrimental to the load itself. 



change generates maximum EMI which may be detectable 
across a range of frequencies from HF to VHF. Because this 
energy is detectable at radio frequencies and above, it is 
sometimes referred to as radio frequency interference (RFI). 
Thus, EMI and RFI are terms often used synonymously. 

EMI is generated by and all along the line of the load being 
switched, and may be detectable from a maximum distance 
of just a few centimeters from the line, to several meters. Any 
conductor lying within the EMI/RFI field will have a voltage 
induced in it as a result of the rate of change of that field cut- 
ting across the conductor. Such conductors are the load and 
control lines of neighboring circuits or equipment. 

The voltage induced in neighboring circuits will appear 
across the circuit components as transient voltage. If these 
components are sensitive semiconductor devices, the dv/dt 
of the voltage may be sufficient to cause them to turn on. If 
not, the magnitude of the voltage may cause them to con- 
duct. Should this occur, the overvoltage, however brief, can 
force an overcurrent through the device sufficient to destroy 
its junction. At the very least, the device may false operate. 

EMI/RFI is especially troublesome when detected by low- 
level solid state components, microprocessors, computers, 
and medical diagnostic and monitoring equipment. It can 
cause logic gates to switch from high to low, or low to high. It 
can cause switching circuits to go off when they are sup- 
posed to remain on. And it can cause load switches to false 
operate. 

EMI/RFI is greatly minimized by turning on the load only 
when instantaneous line voltage is near zero. Additionally, 
there is less di/dt and surge current to stress both junction 
and load. 




Figure 16 

With random turn-on switching, the load may be turned on at or 
near peak line voltage. Maximum EMI/RFI results. 



For example, when the filament of an incandescent lamp is 
cold, its resistance is but a fraction of the hot resistance. 
Turning on the lamp at or near peak line voltage results in 
maximum twisting and flexing as the filament comes up to 
heat. Over the life of the lamp, this sudden and repeated 
twisting and flexing may cause early fatigue of the filament. 

There's another negative effect of random switching: the 
generation of electromagnetic interference (EMI). As the 
magnetic field surrounding a conductor builds and col- 
lapses, it gives off energy. (The principle is the same as the 
energy radiated from the antenna of a radio broadcast sta- 
tion.) In a circuit where di/dt is very steep, there is a sharp 
change in the magnetic field as it builds from zero to max- 
imum, or decays from maximum to zero. This steep rate of 



ZERO-VOLTAGE SWITCHING 

A zero voltage turn-on SSR is so designed that if SSR con- 
trol voltage is applied when instantaneous load-line voltage 
is greater than perhaps 15 to 20 volts (Figure 17), the load 
switch will remain off until line voltage crosses zero and then 
increases to the turn-on voltage value of the switch. This 
turn-on voltage varies from unit to unit within a range of volt- 
age, commonly called window voltage. From this, the term 
turn-on window was derived. 
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Figure 17 

With zero-voltage turn-on, load current can only begin when line 
voltage is near zero. Minimum EMI/RFI results. 

If SSR control voltage is applied when instantaneous line 
voltage is approaching zero, the SSR may turn on, but will go 
off as line voltage crosses zero. Then, as line voltage begins 
to increase, the SSR goes on again and remains on. It should 
be noted that the turn-on window of P&B zero turn-on SSRs 
does not exceed 20 volts, and is typically just 16 volts. The 
turn-on window of the SSRs and output modules of some 
other manufacturers, conversely, may be as high as 80 volts. 



If SSR control voltage is applied to any such relay when in- 
stantaneous line voltage is 60 or 80 volts, instead of the SSR 
or output module remaining off until the next zero voltage 
crossover point, load current begins immediately. There is a 
much steeper di/dt than would occur at a turn-on of 20 volts 
or less, and there will be a greater heat stress on both junc- 
tion and load. 

From this, it is obvious that a device whose turn-on window 
does not exceed perhaps 20 volts generates minimal EMI. 
This is especially true since it is the nature of an SCR and 
triac to cease conduction only when load current is near 
zero. Thus, on turn-off, there is no rapidly collapsing mag- 
netic field such as that which occurs when the load circuit is 
opened at or near peak line voltage. (Such di/dt, of course, 
generates maximum EMI/RFI.) 

Once on, the voltage across the load switch drops to per- 
haps one to 1 .5 volt (V 2 of Figure 18), depending on load cur- 
rent. When load current decreases to less than the holding 
value of the switch, the load goes off and the collapsing mag- 
netic field surrounding the load line generates a counter emf 
(V 3 ). Then, as AC voltage crosses zero and begins to in- 
crease in magnitude, the switch goes back on (V,). V, is the 
repetitive turn-on voltage and, in some SSRs and output 
modules other than P&B, V, has been measured to be as 
high as 25 and even 40 volts. The V, of P&B devices typically 
is 8 to 14 volts, depending on load current. Of course, the 
higher the Vi, the greater the generated EMI/RFI. 




Figure 18 

Turn-on and turn-off waveform of SSR load switch. 



Zero voltage turn-on can benefit the life of the load in the 
following manner. A 67 watt, 120 volt AC traffic signal lamp 
has a hot filament current of 590 milliamps. Cold filament re- 
sistance approximates 12 ohms. If power is applied at peak 
line voltage (i.e., 170 volts), peak inrush current is 14 amps— 
nearly 24 times the steady-state current! Turn-on at 20 volts, 
conversely, results in an instantaneous inrush of less than 2 
amps— only three times the steady state current. Also, be- 
cause the lamp filament has several milliseconds in which to 
heat up before peak voltage is reached, total inrush is less 
than when the filament is switched on at peak voltage. The 
result is less physical twisting and flexing of the lamp fila- 
ment. This, of course, contributes to lengthened lamp life. 



Pilot-Circuit False Operation 

As stated, EMI can generate transient voltages in circuits 
in proximity to the load line generating the EMI. These tran- 
sients can appear across circuit components and cause 
them to false operate. The pilot circuit of some zero voltage 
turn-on SSRs other than P&B contains components sensitive 
to EMI induced transients. It is the function of the pilot circuit 
(Figure 19) to turn on the load switch by providing the switch 
with gate current. Since the pilot circuit is situated between 
the zero-voltage detection circuit and the load switch, if the 
pilot circuit does false operate, it may do so at or near peak 
of the AC sine wave voltage. Should this happen, the load 
switch junction may be heat stressed. Also, the load circuit of 
the SSR itself becomes a source of potentially troublesome 
EMI. 
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Figure 19 

Since the pilot circuit is located after the zero-voltage detection 
circuit, pilot circuit false operation can negate the zero-voltage 
function of the SSR. 



Because the load switch will remain on only as long as 
load current is in excess of holding current, the switch will go 
off when load current approaches the 50/60 Hz. zero current 
point. Load current may be present only for a few millisec- 
onds, which may seem to be a harmless situation. Indeed, 
the load may not have time to react. But the perhaps steep 
di/dt (Figure 20) can generate high levels of EMI which may 
interfere with circuits perhaps not affected by the EMI which 
caused SSR pilot circuit false operation. 
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Figure 20 

Pilot circuit false operation can result in the load going on at or 
near peak line voltage. 



Because load current may be present for less than one- 
half of the 50/60 Hz. cycle, this type of false operation is of- 
ten called half-cycling. 

Even though the load may not react visibly, half-cycling 
can cause undue stress on the load or its components. This 
stress can lead to early failure of the load or components. 
For example, the dielectric of the capacitor of a capacitor- 
start motor should not be subjected to the stresses of more 
than perhaps 20 start-stop cycles per hour, or more than one 
minute total of on-time per hour. Periodic half-cycling of the 
off-state motor effectively increases the duty cycle of the ca- 
pacitor and can result in the accumulation of capacitor heat. 
Then, normal start-stop cycling can cause thermal stress on 
the dielectric— shortening the useful life of the capacitor. 

Split-phase motors, too, may be adversely affected by half- 
cycling. In a split-phase motor, the start windings generate 
heat so rapidly that if the motor stalls it must be taken off line 
within five seconds. Because of the low resistance of the 
start windings, half-cycling can cause an PR heat rise suf- 
ficient to gradually degrade the insulation of the windings. 
There is no movement of air through the off-state motor and, 
in time, shorted turns may develop. Most likely the cause of 
failure will go undetected, and the same relay which caused 
the problem will be used to switch the replacement motor. 



Half-cycling may be harmful to other types of loads as well. 
For example, periodic half-cycling of cold lamp filaments 
causes maximum physical twisting and flexing of those fila- 
ments and will lead to premature failure of the lamp. Again, 
upon replacement, the cause of failure may not be realized 
and the same relay will be used to switch the replacement 
lamp. 

Regarding the life of the SSR itself, as mentioned, an SCR 
or triac will be in full conduction within 10 microseconds of 
application of gate current. Thus, in a well designed, zero 
voltage turn-on SSR, the device will be in full conduction 
long before peak load current occurs. As a result, the junc- 
tion operates as cool as possible. 

If the load switch is gated on (i.e., false operated) when 
line voltage is at or near peak, full load current tries to flow 
the instant the tiniest portion of the junction just begins to 
conduct (Figure 21) and a thermal hot spot can quickly de- 
velop. It should be noted that the entire junction does not be- 
come conductive instantly. Rather, conduction begins at that 
point where gate current enters the gate-cathode (or gate- 
MT,) junction, and it takes perhaps several microseconds for 
the entire junction to become conductive. If the junction is 
subjected to more load current than it can safely handle dur- 
ing the period of time it is coming into full conduction, exces- 
sive l 2 R heat may cause minimal but permanent degradation 
of the crystalline structure of the device. In time, when re- 
peatedly subjected to such half-cycling, the cumulative ef- 
fects of structure degradation will cause the switch to fail. 



the case itself. In like manner, the input lines can detect EMI, 
and the potting compound inside the relay can capacitively 
couple this energy into the pilot circuit. 

Pilot circuit false operation can also be caused by static 
electrical discharge. For example, if the SSR is mounted to a 
metal cabinet, a person with a static electrical charge in his 
body coming in contact with the cabinet can cause the relay 
to false operate as a result of the static discharge. 

EMI/RFI is caused by the operation of motors, lamp 
switches and ballasts, relays and contactors and, of course, 
lightning. As shown by the oscillogram in Figure 23 of a 120 
volt AC residential power line taken over a period of 24 
hours, numerous peak-to-peak voltages of over 1,000 volts, 
and a couple over 3,000V P . P occurred. Notice the repeated 
bursts of energy on both the left and right side of the picture. 
If such transients and bursts are present in a residence, they 
may be even more severe in many commercial and industrial 
applications. 




Figure 21 

Gating-on the SSR load switch at or near peak line voltage may 
heat stress the junction. 



As shown in Figure 22, EMI can be induced into the pilot 
circuit by way of the relay baseplate or heatsink. Additionally, 
EMI can be coupled or induced into the pilot circuit through 
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Figure 22 

EMI finds its way into the pilot circuit via the SSR case, input ter- 
minals and lor baseplate. 



MICROSECONDS 

Figure 23. 

Oscilloscope recording of residential power line (24 hrs.). Note 
3,000V PP at time 2 fjsec. (Courtesy G.E. Co., Semiconductor Prod- 
ucts Div.) 



Pilot circuit false operation may occur at or near peak line 
voltage, and a severe di/dt problem may exist. If this hap- 
pens, localized junction overheating may cause a temporary 
reduction of certain switch characteristics. For example, the 
switch may temporarily lose its ability to withstand rated line 
voltage peaks, or it may suddenly become susceptible to 
load-line dv/dt of less than rated values. In such an event, 
the relay will turn on, and will not turn off until junction tem- 
perature returns to normal. 

In most false operation situations the load does not react 
visibly. Half-cycling only is occurring. Because half-cycling 
does not manifest itself most SSR users are unaware that 
half-cycling may be occurring. They are unaware that the re- 
lay may suffer early failure as a result of such half-cycling, 
and that EMI is being generated by the SSR's false 
operation. 

It should be noted that half-cycling is a phenomenon prin- 
cipally associated with zero voltage turn-on SSRs. Reed 
coupled triac SSRs have no pilot circuit to false operate. And 
very few transformer coupled triac units are in use. The 
transformer coupled device does have a pilot circuit, and it is 
subject to EMI false operation. P&B SSRs, however, are far 
more immune to such false operation than any other SSR on 
the market. (For test results of immunity to EMI-induced pilot 
circuit false operation, ask your authorized P&B sales repre- 
sentative for application note 13C203.) 
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SCR VS. TRIAC LOAD SWITCHING 

P&B uses triacs as the load switch of SSRs, whereas some 
other manufacturers use inverse-parallel connected SCRs 
(often incorrectly referred to as back-to-back SCRs). Those 
manufacturers who use SCRs often claim performance supe- 
riority over the use of triacs. Likewise, some who use triacs 
claim performance superiority over those who use SCRs. 
The fact is a case can be made for the use of either SCRs or 
triacs. 

The paired SCRs used in SSRs are more expensive than a 
comparable triac and, per unit volume, can conduct more 
current. Additionally, the SCRs have better blocking voltage 
than the triac. And commutating dv/dt capability is better 
than that of a triac. This is because the paired SCRs are 
physically separate, although they are mounted on the same 
chip. When one SCR commutates off, it is not affected by the 
other SCR beginning to conduct. 

With a triac, both halves of the device are fabricated onto 
the same substrate. As gate current is removed and one half 
of the triac commutates off, the ability of the other half to 
block rated line voltage is directly affected. Thus, as a rule, 
triacs do not have as good a commutating dv/dt as that of 
paired SCRs. 

The triac costs less than paired SCRs, and is easier to 
handle during SSR manufacture. The triac is housed in a 
sturdy case or on a rigid plate. The paired SCRs are on a 
fragile chip which may break during SSR manufacture. 

The triacs used in P&B solid state relays must meet strin- 
gent specifications and should not be considered neces- 
sarily indicative of the triacs used in other manufacturers' 
SSRs. For example, rather than use standard, off-the-shelf 
triacs whose commutating dv/dt capability may be very poor, 
P&B uses triacs whose dv/dt capabilities are as good, if not 
better, than that of paired SCRs. To obtain paired SCRs with 
superior capability would cost the SSR manufacturer more 
than the cost of the SCRs presently being used. This, of 
course, would add to the cost of the relay. 



SOLID STATE RELAY OVERCURRENT 
PROTECTION 

The normal failure mode of the load switch of a solid state re- 
lay is shorted. That is, SSRs do not fail safe. Because of this, 
it is often desirable to protect the SSR from excessive load- 
line currents. 

To protect the SSR from excessive overcurrents and fault 
currents, a current-limiting fuse or a magnetic-hydraulic cir- 
cuit breaker, or both, may be used. Non-current-limiting 
fuses and thermal circuit breakers are inadequate SSR pro- 
tection, and serve only to protect the wiring and load. 

A current-limiting fuse should be used in circuits where the 
potential fault current and/or the duration of fault would be 
in excess of that which the SSR can safely withstand. This 
type of fuse contains a fusible link surrounded by tightly 
packed silica sand. When the link melts, the sand immedi- 
ately fills the void between the remaining sections of the fu- 
sible link and thereby quickly extinguishes the arc. In a regu- 
lar fuse, when an overcurrent causes the link to melt, the arc 
that ignites between the remaining sections of the link will 
only extinguish when (in an AC circuit) current crosses zero, 
or when the gap between the remaining portions of the link 
becomes too great for arc energy to sustain itself. 

Current limiting fuses are capable of interrupting fault cur- 
rents of tens of thousands of amps, whereas P&B magnetic 
hydraulic circuit breakers can safely interrupt only 5,000 
amps (250V AC, 50/60 Hz). This interrupt capacity should 



not be confused with the fuse or breaker current rating. Al- 
though the fuse or breaker may have a rating of, say, 10 
amps, during fault conditions thousands of amps may flow 
until the circuit is opened. If the fuse or breaker is not ca- 
pable of absorbing the energy of this fault, it may explode. 

Fault energy is rated in l 2 T. Because of this, fuses and the 
SCRs and triacs they are designed to protect are also rated 
in IT. The l 2 T rating of a fuse is a measure of the amount of 
energy the fuse will let through to the SCR or triac. The I 2 T 
rating of the SCR or triac is a measure of the amount of 
energy it will safely handle without damage. 

The I in l 2 T is the rms amperes of the fault, and the T is the 
duration (time) of the fault in seconds. I 2 T denotes amp- 
squared-seconds, and is a product of not only current and 
time, but of circuit voltage, as well. 

During fuse link melting time, only current and time are in- 
volved. However, when the link melts (Figure 24) and the arc 
ignites, circuit voltage takes over, and the l 2 T of the arcing 
time becomes a function of voltage. It is because of this volt- 
age dependency that fuse data sheets list l 2 T for different 
voltages. 
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Figure 24 

I 2 T of current limiting (semiconductor) fuse. 



Notice that peak let-through current occurs after the link 
has melted. This peak current occurs because the arc has 
ignited and the silica sand has not yet filled the gap. As it 
does fill the gap, the arc begins to extinguish. 

The l 2 T of the SSR is basically that of the SCR or triac load 
switch, and is derived from the l TSM of the SCR or triac. (Note: 
The following is for use at a time T of 8.3 ms only.) 

Since l TSM is a function of time (i.e., current pulse duration), 
l 2 T will vary as to pulse width, as shown in Figure 25. As the 
subcycle surge current pulse width decreases, so too does 
the l 2 T decrease. 

It has been proven by industry tests that even though the 
l 2 T of a given fuse for a given pulse duration (clearing time) 
may be less than that of the SCR or triac it is to protect, when 
the fuse has a longer pulse width, the l 2 T of the fuse may be 
greater than that of the SCR or triac for the same, longer 
pulse width. For the SCR or triac to be properly protected, 
the l 2 T of the fuse must be equal to or less than the l 2 T of the 
SSR, using the same pulse width for both. 
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Figure 25 

I'T of SSR must exceed I'T of protective device for the same width 
of fault current. 

The total clearing time of the fuse being considered for use 
as protection must be determined and compared with the 
pulse width of the SSR's l 2 T. If clearing time isn't listed on the 
fuse data sheet along with l 2 T and l PLT , it may be determined 
by: 

3(I 2 T) 

W " l 2 PLT 

where: t c = clearing time of fuse 

l 2 T = amp-squared-seconds 

|2 PLT = peak (let-through) current squared 

To determine l PLT from fuse tables, total available fault cur- 
rent must be known. This is obtained by dividing source volt- 
age by total circuit impedance, for a shorted load (i.e., line- 
to-line fault). 

Assume the fuse under consideration has a clearing time 
of 4.2 milliseconds, and an l 2 T of 10 amp-squared-seconds. It 
is to protect a P&B Code 72/74 Model EOM. Since the 72/74 
Model EOM has an l 2 T of 150 for a pulse duration of 1 milli- 
second (Figure 26), a fuse that will let through only 10 l 2 T will 
certainly provide adequate protection. 




Figure 27 

Current carrying capacity of fuse vs. current rating of SSR. 



There is a precaution to be observed in matching fuse and 
SSR characteristics. The current rating and circuit clearing 
time of the fuse will vary with temperature differently from the 
current vs. temperature rating of the SSR. As shown in Fig- 
ure 27, the current rating of an SSR is steady to + 25°C, and 
is derated linealy from + 25°C to its maximum operating tem- 
perature. The ratings of a fuse are for an operating temper- 
ature of +25°C but, as shown, at colder temperatures, the 
ratings increase in value. At warmer temperatures, con- 
versely, the ratings decrease in value. 

A 10 amp rated fuse operating in an ambient temperature 
of -10°C may actually have a rating of 10.4 amps, and may 
require 4% more time to clear the circuit than at +25°C. 
These factors should be taken into consideration when 
matching fuse characteristics to SSR characteristics. 

If a thermally stable method of protection is required, a 
magnetic-hydraulic circuit breaker must be used. A mag- 
netic-hydraulic circuit breaker comprises a coil of wire 
wound around a cylinder in which a spring-loaded piston is 
located. Normal load currents flowing in the coil generate in- 
sufficient flux to attract the armature (and thus trip 




Figure 26 

Subcycle surge (non-repetitive) on-state current and l 2 T 
ratings. 



open the breaker contacts). Currents in excess of the 
breaker rating, however, do generate sufficient flux to attract 
either the armature immediately, or the piston. When the pis- 
ton nears the top of the cylinder, its presence causes an in- 
crease in flux density, and the increased flux then attracts 
the armature. A silicone fluid in the cylinder helps control the 
rate of travel of the piston, and so regulates the trip time of 
the breaker on partial short-circuits and mild overloads. Be- 
cause the silicone fluid is temperature stable, and because 
the trip function of the breaker is magnetic and not thermal, 
the magnetic hydraulic breaker is temperature stable over its 
operating temperature range of -40°C to + 85°C. 

As mentioned, an inductance in the load circuit will help 
limit di/dt. The coil of a magnetic hydraulic breaker exhibits 
significant impedance to a steep di/dt, yet has a 60 Hz. im- 
pedance of between perhaps 10 milliohms to 10 ohms, de- 
pending on model and rating. Thus, the breaker itself helps 
limit fault current. Plus that, an instantaneous trip breaker 
will clear the circuit between 2 and 1 2 milliseconds. 

When calculating circuit fault current, don't neglect the im- 
pedance of the SSR itself and that of the breaker. Also, don't 
forget the resistances of terminals and connectors. 

A 50 foot length of two-wire #12 A.W.G. copper (100 feet 
total) has a resistance of 0.162 ohm; enough to limit fault cur- 
rent in a 120V AC circuit to 740 amps. If the on-state voltage 
drop of the SSR is 1.5 volts, its impedance at normal load 
current is perhaps .075 ohm. Further, if the breaker coil has 
an impedance of .10 ohm in the (calculated) presence of a 
steep fault di/dt, these impedances add up to nearly .340 
ohm, in which event 120V AC fault current will be limited to 
perhaps 350 amps. 

In a 48V AC circuit the impedance of the transformer sec- 
ondary adds to the total circuit impedance, and may limit 
fault current to 1 50 amps or less. 

The time-trip curve (Figure 28) for an instantaneous-trip 
P&B Model W67 circuit breaker shows that on moderate-to- 
severe overcurrents, the breaker will clear the circuit be- 
tween 2 and 12 milliseconds. An SSR whose I T sm is 250 or 
300 amps will safely handle 177A rms and 21 2A rms, respec- 
tively, for 16.6 milliseconds. Thus, in a 48 volt circuit, the 
breaker will provide adequate protection; but in the 120 volt 
circuit, it won't. 
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Figure 28 

Time-trip curve for an instantaneous-trip magnetic-hydraulic cir- 
cuit breaker. 



In applications where the SSR has a rating greater than 
that of the load it is switching, it may be economically fea- 
sible to use both fuse and breaker, even if the circuit is 120V 
AC or 240V AC. Assume the load is 10 amps and the SSR is 
20 amps. A 10 amp breaker (perhaps time-delay) and a 15 or 
20 amp fuse may be used. On partial shorts or moderate 
overloads, the breaker opens before the fuse has a chance 
to blow, thus saving the cost of replacement fuses. If a line- 
to-line fault ever occurs, though, the fuse will protect the 
SSR. 



INPUT/OUTPUT MODULES 



Input/output (I/O) modules are printed circuit board 
mountable, solid state devices for use with microprocessors, 
TTL, HTL, and MOS logic systems. AC output modules and 
DC output modules accept the DC output of the processor or 
logic system and respond by turning on and off the respec- 
tive AC or DC load. 

As shown in Figure 29 , AC input modules accept AC from 
devices such as sensors and switches and converts this AC 
to low voltage, low current DC which it sends to the proc- 
essor or logic system. The processor or logic system, in turn, 
uses the DC in its logical functions as determined by its pre- 
programmed instructions. 




Figure 29 

Input/ Output module typical applications. 



In like manner, DC input modules accept DC voltage from 
devices such as transducers and thermostats, and convert 
this voltage and current to that acceptable to the processor 
or logic system. 

In order to interface between a variety of loads and logic 
systems, I/O modules are available in a variety of input and 
output voltages. Input modules are current regulated so they 
won't burn out when accepting the voltage of high current 
devices. Output modules, however, are capable of switching 
devices to only 3 amps at + 25°C ambient. 



P&B AC output modules are zero voltage turn-on solid 
state relays housed in a small package. DC output modules 
control the load by use of a transistor. An SCR or triac can- 
not be used because the turn-off mechanism is a function of 
load current decreasing to near zero. Direct current, of 
course, remains steady and does not swing through zero as 
does AC. A transistor can be made to cease conduction by 
removal of base current, which is what occurs when control 
voltage is removed from the DC output module. (Note: A DC 
output module, in effect, is a DC solid state relay.) 

Series-Operation Compatibility 

In many applications in which an output module interfaces 
the logic system and load, it is required that the logic system 
know when the load is on and when it is off. A signal must be 
sent back to the processor or logic system which indicates 
the status of the load. 

The most popular method of providing such a signal is by 
use of an input module (Figure 30). When the AC output 
module (OAC) turns on the load, the appearance of 120 volts 
across the load turns on the AC input module (IAC). The IAC, 
in turn, sends a low level signal to the processor or logic sys- 
tem. Likew se, when the ODC turns on its load, the IDC sends 
a low level signal to the processor or logic system. When the 
input module is connected to the circuit of the output module 
in this manner, the operation is said to be in series (even 
though the output circuit is really a parallel circuit). 

SERIES OPERATION COMPATIBILITY 



Figure 30 
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may be used to sense the condition of the output- 
load. 



Not all I/O modules are series compatible (Figure 31). 
When off, the leakage current of many output modules may 
be two to four times the dropout current rating of the corre- 
sponding input module. Depending on the impedance or re- 
sistance of the load in parallel with the input module, the in- 
put module may not turn off, even though the load itself goes 
off. If this happens, a false signal is sent to the logic system. 
This signal says the load is still on, when it is really off. 
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Figure 31 
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OAC turns off the load, OAC leakage current di- 
load and IAC and may prevent the IAC from turn- 



If leakage of the output module is perhaps 4 mA, and the 
series connected input module has a dropout rating of, say, 
1 mA, current through the parallel circuit is such that the in- 
put module will not drop out. This condition only exists when 
the load has a high impedance or resistance. Such loads are 
relay and contactor coils, transformers, and solenoids. Many 
resistive and motor loads do not fall into this category. 

P&B I/O modules are fully compatible with each other. 
Output module leakage currents are equal to or less than the 
dropout current rating of the corresponding input module. 
Therefore, no matter the value of parallel impedance or re- 
sistance, the input module should always go off when the 
output module goes off. 

CONTROLLING SOLID STATE 
RELAYS AND OUTPUT MODULES 

All solid state relays and I/O modules have minimum and 
maximum current and voltage ratings which must be ob- 
served if reliable operation is to be expected. Occasionally, 
however, application voltage is in excess of the maximum 
permissible for the SSR or I/O module. In such applications, 
a voltage dropping resistor may be connected in series with 
the relay or module input, as shown in Figure 32. The value 
of resistance is determined by: 

V IN -V PU 



R = 



In 



Where: h N = Max. input current at max. pick-up 
voltage (opto - coupled devices), or 
nominal input current at max. pick-up 
voltage (reed-triggered devices). 

V| N = DC input voltage 

V PU = Pick-up voltage of relay or module 



If the resistance value is non-standard, use the next-lowest 
standard value of resistance. Resistor power rating (watts) 
is determined by: 

W R = (Vw-VruMInom.) 




Figure 32 

A resistor lowers device input voltage. 

Changing Device Pick-Up and Drop-Out Voltage 

By use of the appropriate zener diode (Figure 33), the 
pick-up and drop-out voltage of the SSR or I/O module can 
be changed to a different value. For example, the pick-up 
point of a 3-32V DC SSR is 3V DC maximum, and the drop- 
out point is 1 .0V DC minimum. Assume it is desired to change 
the pick-up to 10 volts in a 12V DC application. To determine 
zener voltage: 

VcR = Vpu2 — Vpui 

Where: V CR - Zener voltage 

V PU , = Rated pick-up voltage 

V PU2 = New pick-up voltage (approx. 0.8V, N ) 

Thatis:V CR = 10-3 = 7 volts; 

so a 7V DC zener diode is to be used. The power rating of the 
zener diode is the product of the nominal input current of the 
device and the zener voltage. That is: W = El. 



To determine the new drop-out voltage: 
Vdoz = V C r + Vdoi 

Where: V c » = Zener voltage 

Vdoi = Rated drop-out voltage 
V D o2 = New drop-out voltage 

Therefore: V D0 2 =7 + 1 =8 volts 
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Figure 33 

A zener diode changes pick-up and drop-out voltages. 
♦Alternate position for CR1 

If V| N is in excess of the rated voltage of the device, a re- 
sistance may be used to lower the voltage, as shown in Fig- 
ure 32. The equations then become: 

VcR = Vpu2 — Vpui — R x \hou. 
Vdo2 = Vcr + ^doi + R x 'nom. 
NOTE: This procedure is to be used only when applying 
SSRs or I/O modules in circuits having a voltage greater 
than the device rating, never when applying the device in a 
circuit of lower voltage. 

Operating DC Input Units from AC 

Occasionally the application has only AC available, and it 
is desired to operate a DC input SSR or I/O module. In such 
an application, full-wave rectification and filtering is required 
(Figure 34). Filtering is necessary to prevent any ripple volt- 
age from dipping below the device pick-up voltage. What- 
ever value of capacitance is chosen must not allow ripple to 
dip below device pick-up voltage. 
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Figure 34 

Rectification of AC voltage to operate a DC input solid state 
relay or I/O module. 

The value of resistance is determined by: 

p Vrrm — V|N 
I IN 

Where: l IN = Max. input current at max. pick-up 
voltage (opto -coupled devices), or 
nominal input current at max. pick-up 
voltage (reed-triggered devices). 
Vin = DC input voltage 
W R = (V rms -V IN ) ( hN ) 
C = 10 fifd., 100VDC 

M1 — M4 = Full-wave rectifier, 1A, 100 PIV 

NOTE: CR1 is optional and may be used to protect the de- 
vice from overvoltages on the AC line. 



TTL Operation 

One of the primary advantages of SSRs and output mod- 
ules is their compatibility with low-level, solid state logic. Lit- 
erally any logic gate, buffered or not, capable of delivering 
the required current and voltage within its maximum power 
dissipation rating can be used to control an SSR or output 
module. 

Many TTL gates, for example, will safely dissipate 40 mWor 
more; and the total package will dissipate up to one watt. 
This gate power must not be confused with relay input 
power. Whereas an SSR whose input requires 11 mA at 5V 
DC consumes 55 mW of power, the TTL gate sinking this 11 
mA may have a voltage drop of only 0.2 volt, a power con- 
sumption of just 2.2 mW! 

TTL gates can only sink relay input current, not source it. 
This is because as shown in Figure 35, the sourcing transis- 
tor has a pull-up resistance in its collector circuit. Pulling 11 
mA through this resistance, in this case 130 ohms, would 
leave insufficient input voltage to operate the relay. 




Figure 35 

A "totem pole" TTL gate has a pull-up (current limiting) 
ance in the collector leg of the sourcing transistor. 



For example, an SSR requiring a nominal 5V DC may not 
operate on less than 4 volts. Typically, the drop across the 
transistor and diode in Figure 35 at 11 mA would approx- 
imate 0.8 volt; and the drop across 130 ohms is 1.4 volt. This 
2.2 volt drop would leave only about 1.8 volts for the relay to 
operate on— not enough for relay turn-on. 

Since TTL gates can only sink current to the relay, and 
since current sinking is done from a "zero" logic signal, the 
relay can only be turned on from a "zero" signal. This is con- 
trary to normal relay operation, which prefers that the relay 
be turned on as a result of a logic "one" signal. To obtain re- 
lay actuation from a logical "one" signal, it is necessary to 
use an inverting gate. With such a gate, when a "one" signal 
is received, the sink transistor will turn on and conduct relay 
input current. 

CMOS Operation 

CMOS gates can both source and sink current. As shown 
in Figure 36, a single gate may even be used to drive two 
SSRs in what is, in effect, a SPDT mode. When sourcing 
transistor A is on, it conducts current to SSR 2. Conversely, 
when sinking transistor B is on, it conducts current to SSR 1 . 
According to manufacturer data, the drop across either tran- 
sistor will approximate 0.9 volt. At 11 mA, the power dis- 
sipation is about 9.9 mW. 

At a 12 volt operating level for CMOS, the input control 
range of the SSR is 10 to 16 volts. Thus, the 0.9 volt drop 
does not constitute a significant loss. Also, operating at 12 
volts, rather than 5 volts, increases the noise immunity of 
CMOS. 
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Figure 36 

Because CMOS (buffer) gates have no pull-up resistance, they 
can both source and sink SSR current. Note: The above is not a 
"true Form C" circuit. 

WHEN TO USE SOLID STATE 
SWITCHING 

SSRs should be selected primarily when the following ap- 
plication considerations are of critical importance: 

1. Long life. Large number of operations at a rapid rate. 

2. Low maintenance. 

3. Immunity to shock and vibration. 

4. Immunity to the environment (such as humidity, salt 
spray, and dirt.) 

5. Minimal EMI and RFI. 

6. IC logic compatibility. 

7. No contact bounce, arcing and chattering. 

8. No audible noise. 

9. Explosion hazard. 
10. Lengthened load life. 

In contrast, without going into a detailed comparison of all 
factors of SSRs vs. EMRs, one should remember that SSRs: 

• are generally more expensive. 

• require greater care in applying. 

• have load switches that typically fail in the shorted mode. 

• have a nominal on-voltage drop resulting in heat which 
must be dissipated. 

• may have appreciable off-state output leakage current 
(up to 25mA) which could be a shock hazard. 

• are generally available in SPST-NO (1 form A) only. 



SELECTING AND APPLYING AC 
SWITCHING SOLID STATE RELAYS 



Solid state relays normally are designed to handle a wide va- 
riety of industrial loads with relatively little trouble if even rou- 
tine consideration to the application has been made in se- 
lecting the relay. 

Basically, know your application requirements and use the 
selected SSR within its specified limits and ratings. 

1. Load Voltage: Normally knowing whether it is 120 or 240 
V 50/60 Hz is adequate unless it is an inductive load where 
there can be transformed voltages. If the load is a motor and 
the motor type is known, Potter & Brumfield usually can read- 
ily recommend a suitable SSR. 

2. Load Current: As long as the load's steady state current 
is within the SSRs steady state rating for the listed ambient 
temperature and heatsink, there should be no problem. If 
there are severe inrush or surge currents greater than 2-10 
times the steady state current, select another relay, or con- 
sult the factory. 



3. Load Types: 
Resistive— Consider di/dt 

Lamp— Consider di/dt and inrush surge currents. Zero-volt- 
age switching is recommended. 

Inductive (solenoid)— Watch for turn-off induced voltage 
transients and dv/dt. 

Motor— Watch for turn-off and transformed voltages. 
Transformer— Watch for inrush currents and for turn-off in- 
duced voltage transients and dv/dt. (Best to use a peak turn- 
on SSR, not a zero-voltage SSR.) 

Capacitive (start and run windings of motors)— Watch for in- 
rush currents, di/dt, and transformed voltages from motor 
windings. 

4. Relay input: Voltage and current available to operate re- 
lay. Voltage and current conditions for which the relay is to 
nor operate. Maximum voltage the SSR will encounter. Max- 
imum reverse voltage the SSR input will need to block. 

5. Transient immunity: Extreme care based on the require- 
ments of demanding applications was taken into account 
while designing P&B standard SSRs. Adequate transient im- 
munity to perform and survive in most industrial environ- 
ments has been built into Potter & Brumfield relays, but some 
requirements may exceed this. 

6. Heatsinking: Ensure that the mounting to which the 
SSR is to be attached is adequate to keep the SSR base 
plate temperature below the value listed for the particular 
current rating on the data sheet. Surfaces should be flat, 
clean, and coated with a thermally conductive compound. 

7. Operating Temperature: What are the minimum and 
maximum temperature extremes to be encountered? Are 
these beyond the relays ratings for the expected current 
ratings? 

8. Expected Life: How many operations per year, dwell 
and repetition rate? How many hours of continuous blocking 
and conducting? 

9. Package Style: ECT, EOT (Q.C. terminals), EOM, ECM 
(screw terminals), OAC, ODC, IAC, IDC (PCB mounted). Ref- 
erence data sheets for package dimensions and further 
details. 

10. Random, Zero Voltage, or Peak Voltage Turn-On of 
Load Switch: Potter & Brumfield's SSRs (reed relay coupled 
ECM, ECT) are random turn-on devices. Potter & Brumfield 
optically coupled SSRs (EOM, EOT, OAC) are normally zero 
voltage, but can be supplied for peak turn-on. Zero voltage 
devices are recommended to control lamp loads and to re- 
duce EMI and RFI, whereas peak turn-on is recommended 
for control of transformers. Random turn-on devices are 
lower cost and perform satisfactorily in most applications. 

11. Special recognition such as U.L., C.S.A., and V.D.E.: 
Such requirements should be called out when applicable, in- 
cluding the particular level category, or rating of that 
standard. 

Review with Potter & Brumfield representative special needs 
such as rating beyond apparent availability and any known 
or suspected problem areas. 



FACTORS MOST OFTEN CAUSING 
SOLID STATE RELAY 
MISAPPLICATION 



SSR misapplications most frequently occur due to una- 
wareness of application conditions which exceed the ratings 
or actual capability of the SSR. These usually relate to one or 
more of the following areas: 
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1 . Improper or insufficient heatsinking. 

2. Inadequate current derating for temperature conditions. 

3. Transient breakover voltages (prevalent on 120/240 V 
50/60 Hz sources). 

4. Loads generating voltages above nominal source value. 

5. Voltages appearing across the off-state SSR output ter- 
minals, exceeding rated dv/dt. 

6. Input controlled turn-on di/dt. 

7. Breakover voltage turn-on di/dt. 

8. Commutating dv/dt and di/dt. 

9. Surge current and resultant thermal stress. 

10. Off state leakage current (may be detrimental to the 
application). 

1 1 . EMI-induced, pilot circuit false operation. 

The problem areas mentioned are not necessarily of criti- 
cal concern for all applications. Consideration has been 
given to these problem areas in the design of P&B SSRs, 
making them generally suitable for normal industrial use. 
However, it is always recommended that sample units are 
evaluated under actual application conditions. 

High volume applications may merit special design consid- 
eration in order to achieve the most effective cost/ perform- 
ance trade offs. These should be discussed in detail with 
P&B Application Engineering. 



POTTER & BRUMFIELD 



Product Application Note 



Beware of Zero-Crossover Switching of Transformers 



zero-crossover 



A 

method of 
Evidence 1 
loads can 



solid-state relay may be the worst possible 
switching on a transformer or a highly inductive load, 
has come to light that zero-crossover turn-on of such 
cause a surge current of perhaps 10 to 40 times the 
steady state current, whereas turn-on at peak voltage results in 
little or no surge. 
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Figure 1 



Surge currents of such magnitude can seriously shorten the life 
of the zero-crossover SSR, unless the SSR has a current rating 
well in excess of the load. They create EMI and RFI (all along the 
load line) which can destroy logic gates and cause unwanted 
turn-on of semiconductor switches. Additionally, these surge cur- 
rents create thermal and mechanical stress on the windings of 
the inductance and on the transformer core laminations. These 
stresses can lead to early failure of the device. 



The cause 
tion. Transformers 
saturation 
Figure 1 
ductance 
little more 
hold true for 





of inrush currents of such magnitude is core satura- 
are designed to operate below the knee of the 
curve of the core material— that is, below point A in 
However, saturation does occur, and when it does, in- 
to a very low value. Impedance then drops to 
the DC resistance of the primary circuit. (This can 
any saturable reactance.) 



2<H m + <t>r 



decreases t 
than 1 



When an inductance whose core contains no remanent i 
netism is initially energized at voltage peak, the rate-of-change of 
current (di/dt) generates maximum counter emf and, as shown in 
a of Figure 2, there is no flux surge. However, if voltage is applied 
at zero, cemf is minimal and "flux doubling" occurs, as shown in 
b of Figure 2. This flux doubling is the result of a current surge 
which can last for several half-cycles. 



Remanent magnetism in the core can aggravate this surge 
condition. It is the nature of core material to retain magnetism to 
some degree after magnetizing voltage has been removed. If 
transformer primary voltage is reapplied at zero crossover and in 
such a direction that the increasing field supports remanent flux, 
afluxof2«> m + r results (c of Fig. 2). This flux, of course, is en- 
tirely offset from zero, and the core is in deep saturation, as 
shown by the hysteresis curve in f of Figure 2. (d and e are the 
hysteresis curves for conditions a and b, respectively.) Inrush 
current, therefore, is many times normal, as shown in g of Figure 
2, and can last for several half-cycles. 





Figure 2 



A 150 VA transformer has a 120 volt primary DC resistance of 
approximately 1.5 ohm, and a 500 VA transformer, a 120 volt pri- 
mary resistance of approximately 0.3 ohm. One might think a 5 
amp zero-crossover SSR would be more than sufficient to switch 
the current of the 150 VA transformer. However, during core satu- 
ration, primary-winding inrush is 80 amps: 



120 
1.5 



= 80 amps. 



Figure 4 shows the oscillogram of the same transformer with 
the secondary connected to a 250 ohm resistor. As can be seen 
by comparing Figs. 3A and4A, a loaded secondary has no appre- 
ciable effect on primary inrush current. 



Surge currents such as those shown in Figures 3A and 4A can 
be destructive to a zero-crossover SSR. 



In the case of the 500 VA transformer, one might think a 10 amp 
SSR might suffice. But, during core saturation, primary current is 
400 amps! 

' = R = ^f = 4 °°amps. 



Under such conditions, the SSR is severely overloaded, and 
the transformer overheats. (Power expended in the primary dur- 
ing this 400 amp surge would be approximately 40 KVA.) 



Figures 3 and 4 show the effect of a Potter & Brumfield 90° 
turn-on SSR on transformer inrush current. In Figure 3A, the 
transformer secondary is open, and the primary is turned on near 
zero voltage. A first half-cycle inrush of 200 amps occurs (read 
scope tracing right to left). However, when that same transformer 
is turned on at peak voltage (Fig. 3B), inrush is just 17% greater 
than steady state current. That is, inrush is 7 amperes. 




A (50A/vert. div.) B (10A/vert. div.) 



Figure 3: 150VA transformer, unloaded secondary. Top tracing is 
primary current; bottom tracing is primary voltage (120VAC). 



A "zero-crossover" SSR does not always turn on at precisely 
zero voltage. It takes perhaps a millisecond or more for the circui- 
try to react. Therefore, the load switch may not be fully on until 
load voltage is perhaps 15 to 20 volts. In this event, surge current 
isn't as great, but it is still potentially destructive. Also, a random 
turn-on SSR may, at times, turn on at or near zero crossover. The 
best method of turning on transformers and other saturable, 
highly inductive loads is by use of a peak voltage turn-on device. 
Turn-on at peak voltage results in minimal surge, if indeed any 
surge is present at all. 



Zero-crossover SSRs are excellent switches for resistive, ca- 
pacitive, and non-saturating inductive loads. Even so, inrush cur- 
rent must be taken into consideration. That is, an incandescent 
lamp can pull a "cold-filament" inrush current of 10 to 20 times 
the steady-state "hot filament" current. A motor can pull a 
"locked rotor" currrent of perhaps 6 times its running current. 
And the inrush of a capacitor, or the inrush of a circuit in which 
significant stray capacitance is present, is limited solely by the 
DC resistance of the circuit. 




A (50A/vert. div.) B (1 OA/vert, div.) 



Figure 4: 150VA transformer, secondary connected across 250 
ohm resistor, 240VAC. Top tracing is primary current; bottom 
tracing is primary voltage (120VAC). 



1. Reference material: 

"Alternating Current Machines," Halsted Press, John Wiley & 
Son. "Inductively Loaded SSRs Control Turn-On to Eliminate 
First-Cycle Surges," Electronic Design, March 15, 1979. 
"Controlling Transformer Inrush Currents," EDN, July, 1966. 
"The Great Zero Cross-over Hoax," NARM Proceedings, 
May, 1974. 



POTTER & BRUMFIELD RELAYS 




ECM 



series 



REED-TRIGGERED TRIAC 
fe> .075 TO 40 AMPERES 

HYBRID RELAY 



FILEE22575 



47-63 Hz. 
relay, and 



GENERAL INFORMATION 

ECM series hybrid relays are medium power, 120/240V AC, 



solid state switches controlled and isolated by a reed 
packaged for convenient direct chassis mounting. The 



design is intended to switch AC loads such as solenoids, motors, 
lamps and transformers through 40 amperes. The advantages of 
the ECM are long life, high inrush switching capability, and input/ 
output isolation provided by the reed relay. 

Protection against false triggering is provided by a dv/dt snub- 
ber network across the output switch which restricts the rate of 
rise of most voltage transients to within acceptable limits. 

Both potted and non-potted versions of the ECM are available. 
Potted units are UL recognized for use in industrial applications. 
Non-potted units are UL recognized for use in many office equip- 
ment and appliance applications. 

Some application areas that might require the switching char- 
acteristics of the ECM are process controls, instrumentation, 
alarm devices, machine tools, vending machines, dryers, photo- 
copy equipment and lighting control. 

All specifications are applicable for both potted and non-potted 
versions, except as noted. 



COIL: 

Voltage: 5 

Power: 
290 mW 
450 mW 

Duty: 

Operate 

R sleasG 

Orop-out 



to 24V DC 



Voltage 
Pick-up Voltage 



ENGINEERING DATA 



nominal for 120V AC, 47-63 Hz, load switching 
nominal for 240V AC, 47-63 Hz, load switching 
Continuous 

1 ms maximum at nominal coil voltage 
Typical turn-off at first zero crossover 

@ 25°C: Greater than or equal to 10% of nomi- 
nal voltage. 

@ 25°C: Less than or equal to 80% of nominal 
voltage. 



Time: 
Time: 



GENERAL: 

Expected Life: 1 million to 100 million operations, 10 million 
typical; or 10,000 to 50,000 hours. When operating outside 
specified min./max. steady state current ratings, consult 
factory. 

Temperature Range: Operating Ambient: — 10°C to +80°C 

(Refer to switch specifications and derating curves.) Storage: 

-40°Cto +85°C. 
Approximate Weight: Potted: 3.9 oz. (110 g) 

Non-potted: 2.7 oz. (76 g) 
Case and Mounting: Refer to dimensional drawing. 
Termination: Heavy duty screw terminals 

Input: #6-32's 

Output: #8-32'S 
Isolation: 1500V rms, 60 Hz 



COIL DATA 



Output Voltage 
Rating 


Voltage 

±20% 


Resistance In Ohms 

±10%@25°C 


Nominal 
Current (mA) 


120V, 47-63 Hz. 


5 DC 


87 


57 


6 DC 


125 


48 


12 DC 


500 


24 


24 DC 


2000 


12 


120V, 47-63 Hz. 
and 

240V, 47-63 Hz. 


5 DC 


56 


89 


6 DC 


80 


75 


12 DC 


320 


37.5 


24 DC 


1280 


18.8 



ORDERING INFORMATION AND CODE EXPLANATION 



Sample Part No. ►[ ECM 



1 . Basic Series: ECM Solid State Hybrid Relay 



1 



2. Switch Arrangement: 1 = 1 Form A (SPST-NO) 



3. Coil Control Input: D = DC 



4. Case sty e: A = Potted 

E = Non-Potted 

Refer to outline drawing for dimensions. 



5. Maximum Switch Rating @ 25°C (Note 2): 

2 = 5A rms 4 = 10Arms 5 = 15Arms 7 



25A rms 9 = 40A rms 



6. Line Voltage: 2 = 120V, 47-63 Hz. 4 = 240V, 47-63 Hz. 



12 



7. Coil Voltage: 5 = 5V 6 = 6V 12 = 12V 24 = 24V 
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SWITCH U/L RATINGS 

File E22575 Magnetic Motor Controllers 



Parameter 


Voltage 

/ "UO fit-*) 


Units 


ECM1 Dt 

22 


^orEi 

24 


I 

42 


I 

44 


I 

52 


I 

54 


I 

72 


i 

74 


i 

92 


1 

94 


Horsepower 


120V 


hp 






H 


'/> 


'/« 


V4 


»« 


%» 


1* 


1* 


240V 


hp 








'A 




V4 




1' 




2* 


Steady State Current 
.75 PF-Without Heatsink 


120V 


A rms 


1.5 


1.5 


4 


4 


5 


5 


6 


6 


9 


9 


240V 


A rms 




1.5 




4 




5 




6 




9 


Steady State Current .75 
PF for ECM package attached 
to recommended heatsink. 
NOTE 2 


120V 


A rms 






10 


10 


15 


15 


25 


25 


40 


40 


240V 


A rms 








10 




15 




25 




40 



a Code 72/74, non-potted versions and code 92/94. potted and non-potted versions must be mounted to 0.9 C/W heatsink for these U.L. horsepower ratings. In 
most applications this can be achieved by normal chassis mounting. 



HYBRID SOLID STATE 
SWITCH FACTORY RATINGS 

(All ratings are 47-63 Hz. @ + 25°C, unless otherwise specified.) 



Parameter 


Condition 


Units 


ECM1DA 

22 


or E | 

24 


I 

42 


I 

44 


I 

CO 

□ 


I 


I 


I 

74 


I 

QO 


I 

94 


Load Voltage 
NOTE 4 


Nominal 


V rms 


1 20 


240 


1 20 


240 


1 20 


240 


120 


240 


1 20 


240 


Range 


V rms 


24-1 40 


24-280 
±550 


24-1 40 
±300 


24-280 


24-1 40 


24-280 


24-1 40 


24-280 


24-1 40 


24-280 


Repetitive Blocking Voltage 
NOTE 1 


Minimum 


V peak 




±400 


±200 


±400 


±200 


±400 


±200 


±400 


Non-Repetitive Blocking 
Voltage NOTE 1 


Minimum 


V peak 


±300 


±550 


±300 


±550 


±300 


±550 


±300 


±550 


Maximum Steady-State 
Current at 25°C 
NOTE 2 


In 


Rating with 
Heatsink 


A rms 






10 


10 


15 


15 


25 


25 


40 


40 




Heatsink 
Max. Thermal 
Resistance 


°C/W 






3.5 


3.5 


2.0 


2.0 


1.2 


1.2 


0.9 


0.9 


l T2 


Rating 
Without 
Heatsink 


Case A, 
Potted 


A rms 


2.5 


2.5 


5 


5 


6 


6 


7 


7 


9 


9 


Case E, 
Potted 


A rms 


1.4 


1.4 


4 


4 


5 


5 


6 


6 


7 


7 


Typical On State Voltage Dr 
for Maximum Rated Steady 
State Current at 25°C NOTE 


op 


@ln 


V peak 


1.3 


1.3 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.6 


1.6 


.2 


@lT2 


V peak 


1.1 


1.1 


1.2 


1.2 


1.1 


1.1 


1.2 


1.2 


1.3 


1.3 


Derated A/°C Ambient Rise 
Above 25°C to a maximum 
Ambient of 80' C (Refer to 




@Iti 


A/°C 






.167 


.167 


.250 


.250 


.333 


.333 


.533 


.533 




@lT2 


Case A, 
Potted 


A/°C 


.042 


.042 


.083 


.083 


.100 


.100 


.078 


.078 


.100 


.100 


swiicm ueranng curves; 
NOTE 2 


Case E, 
Non-Potted 


Arc 


.023 


.023 


.067 


.067 


.083 


.083 


.067 


.067 


.078 


.078 


Minimum 60 Hz. 
Load Current NOTE 4 


In 


mA rms 


75 


75 


100 


100 


150 


150 


200 


200 


250 


250 


Recurrent Surge Current 
for 1 00 ms NOTE 3 




A peak 


15 


15 


20 


20 


30 


30 


50 


50 


80 


80 




100-2000 
Expected 
Operations 


60 Hz. 


A peak 


80 


80 


100 


100 


120 


120 


250 


250 


300 


300 


Non-Repetitive Surge Curre 
for 1 full cycle 
NOTE 3 


nt 


50 Hz. 


A peak 


72 


72 


90 


90 


108 


108 


225 


225 


270 


270 




2000-20,000 
Expected 
Operations 


60 Hz. 


A peak 


50 


50 


60 


60 


75 


75 


150 


150 


200 


200 






50 Hz. 


A peak 


45 


45 


54 


54 


68 


68 


135 


135 


180 


180 


Non-Repetitive 
Surge Current for 
1 seconds NOTE 3 


2000-20,000 
Expected 
Operations 




A peak 


15 


15 


20 


20 


30 


30 


50 


50 


80 


80 


Commutating dv/dt (induct 
Load Switching for Loads o 
Listed Power Factor (P F.) o 
Greater) NOTE 2 


ve 


Load Current 
It, & l T2 


PF 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


40 


.40 


r 


Load Current l T 3 


PF 


.20 


.20 


.20 


.20 


.20 


.20 


20 


.20 


.20 


.20 


Static dv/dt (Ability to 
Withstand Rate of Rise of 
Off-State Voltage) 




Typical 


V/fis 


500 


500 


500 


500 


500 


300 


500 


300 


300 


300 




Minimum 


V//1S 


200 


200 


200 


200 


200 


100 


100 


100 


100 


100 


Leakage Current at Nomina 
60 Hz. Load Voltage 


I 


Typical 


mA rms 


2.5 


5.0 


2.5 


5.0 


5.0 


10 


5.0 


10 


5.0 


10 




Maximum 


mA rms 


3.8 


7.5 


3.8 


7.5 


7.5 


15 


7.5 


15 


7.5 


15 


R Rating 


t = 8.3 ms 




26 


26 


41 


41 


59 


59 


260 


260 


373 


373 



All specifications are applicable for both potted and non-potted 
versions, except as noted. 



Refer to next page for explanation of NOTES. 
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NOTE: 1 To promote reliability, the repetitive peak off-state voltage should 
not exceed 90% of the listed values. The non-repetitive blocking voltage 
permits (1) a greater degree of immunity from false operation due to tran- 
sients and (2) turning off inductive loads where ringing can result that pro- 
duces voltage magnitudes up to twice the peak of the nominal load volt- 
age. For applications that impose high repetitive voltages across the 
blocking output of the relay (e.g. transformed voltages of start windings of 
motors), better overall reliability is obtained when these voltages are within 
the repetitive blocking voltage rating of the relay. Continual blocking of 
nominal load voltage may create more stress than switching or conducting 
steady state current loads within the relay ratings. In such cases, the 
repetitive off state voltage rating of the relay used should be 1.5 to 2 times 
the peak of the rms load voltage For these applications review your re- 
quirements with the factory. 

NOTE 2 Steady state current ratings are rms values at 25'C. Refer to 
switch specifications and the derating curves for limits above 25°C. The 
derating curves for heatsink mounting are based on usage of a heatsink 
which meets or exceeds the heatsink thermal impedance requirements as 
listed in the Hybrid Solid State Switch Factory Ratings table. Thermal joint 
compound must be used between the relay baseplate and the external 
heatsink. Aluminum plates of the size listed in the Heatsink Ratings table, 
with the derating curves, meet or exceed the thermal impedance require- 
ments for the codes with which they are listed. 

The derating curves for any heatsink mounting are to be used as a general 
guideline to insure that the temperature rise of the relay baseplate and, 
hence the internal component temperatures are not exceeding per- 
missible lim ts for a particular load current and environmental conditions. 



Measuring the temperature of the mounting screws on the relay baseplate 
is usually adequate. Performance and reliability should be considerably 
enhanced by operating the relay as far below maximum temperature rat- 
ings as practical, and by minimizing thermal excursions. 

NOTE 3 Input control may be lost during and immediately following the 
surge current interval due to heating. A current overload may not be re- 
peated until switch temperature has returned to within steady-state rated 
value. A typical maximum for the repetition rate for current surges is once 
every three minutes. The rated non-repetitive surge current may produce 
a thermal stress or fatigue sufficient to cause some degradation to the re- 
lay output, whereas the stress resulting from rated recurrent surge current 
should not cause a noticeable decrease in overall life or increase in failure 
rate. Non-repetitive surge current stresses have an accumulative effect. 

NOTE 4 The conduction angle can gradually decrease as the load current 
or voltage is reduced beyond the minimum rating. Relay may drop out for 
load conditions substantially less than this limit. The "on-state" voltage 
will increase to 15 volts for loads below the holding current of the output 
triac (10-100mA). Generally, the load current to be switched should be at 
least 10 times the off-state leakage current. For repetitive switching of 
highly inductive, low current 240V loads, review your requirements with 
the factory. 

NOTE 5 The "on-state" voltage drop is the value of peak voltage which 
occurs across the solid state relay output (LINE-LOAD terminals) one 
quarter cycle after the waveform passes through zero. 



ECM SOLID STATE SWITCH DERATING CURVES (NOTE 2) 



Steady State rms Current Rating vs Maximum Ambient Temperature 
For applications above + 80°C, consult factory 



Free Air Mounting 
Nd>n-Potted Models 



Free Air Mounting 
Potted Models 



Heatsink Mounting 
Potted & Non-Potted 
Models 




Steady State rms Current Rating vs 
Maximum Relay Mounting Temperature 

Any Heatsink Mounting 
Potted & Non-Potted 
Models 



40 50 60 70 

Ambient Temp. °C 



50 60 70 80 
tTemp. °C 



20 30 40 50 60 70 80 
Ambient Temp °C 



Code 9 
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40 50 60 70 80 90 100 
Maximum Baseplate Temp. °C 



HEATSINK RATINGS 



Code 


Current 

@25°C 


Required Thermal 
Resistance 


Typical Aluminum 
Heatsink Size 


4 


10 


3.5°C/W 


6"x6"x.125" 


5 


15 


2.0°C/W 


10" x 10" x .125" 


7 


25 


1.2°C/W 


15" x 15" x .125" 


9 


40 


0.9°C/W 


20" x 20" x. 125" 
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OPERATING DIAGRAMS 

. input * ^ 

CM +30 

I COIL M 



DC COIL 
SUPPRESSION 



THYRISTOR 



dv/dt 



dv/dt 
SUPPRESSION 
NETWORK 



6 16 

LOAD LINE 
•Reversed DC polarity is available 
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POTTER & BRUMFIELD RELAYS 




GENERAL INFORMATION 

ECT series hybrid solid state relays are medium power, 120/ 
240V AC 47-63 Hz.solid state switches controlled and isolated by 
a reed relay, and packaged for convenient direct chassis mount- 
ing. The design is intended to switch AC loads such as solenoids, 
motors, lamps, and transformers through 40 amperes. Both AC 
and DC actuation are available. The advantages of the ECT are 
long life, high inrush switching capability, and input/output isola- 
tion provided by the reed relay. 

Protection against false triggering is provided by a dv/dt snubber 
network across the output switch which restricts the rate of rise 
of most voltage transients to within acceptable limits. 

Some application areas that might require the switching char- 
acteristics of the ECT are process controls, instrumentation, 
alarm devices, machine tools, vending machines, dryers, photo- 
copy equipment, and lighting control. 

ENGINEERING DATA 

COIL 



ECT series 

REED-TRIGGERED TRIAC 
.075 to 40 AMPERES 
HYBRID RELAY 

File E22575 (DC input only) 
<§£ File LR1 5734 (DC input only) 

GENERAL 

Expected Life: 1 million to greater than 100 million operations, 10 
million typical; or 10,000 to 50,000 hrs. When operating outside 
specified min./max. steady state current ratings, consult 
factory. 

Temperature Range: Operating Ambient: — 10°C to + 80°C 
(Refer to switch specifications and derating curves.) Storage: 
-40°Cto +85°C. 

Approximate Weight: 128 grams (4.5 oz ). 

Case and Mounting: Refer to dimensional drawing. 

Termination: Standard models have .250" quick connect termi- 
nals. .187" and .205" quick-connect terminals and available 
upon special request. Adapters 7AB1 or 7AB2 convert the 
.250" quick-connect to screw (6-32) termination. 

Isolation: 1500V RMS, 60 HZ (Higher isolation voltage ratings 
available, consult factory.) 

Isolation Resistance: 10' ohms. 



Voltage: 5 to 48V DC, or 24 and 120V AC, 47-63 Hz. 
Power: 

DC, 290 mW nominal for 120V AC, 47-63 Hz. load switching. 

DC, 450 mW nominal for 240V AC, 47-63 Hz. load switching. 

AC, 740 mW nominal for 120V AC, 47-63 Hz.load switching. 

AC, 1140 mW nominal for 240V AC, 47-63 Hz. load switching. 
Duty: Continuous. 
Operate Time: 

DC, 2 ms maximum at nominal coil voltage. 

AC, 50 ms maximum at nominal coil voltage. 
Release Time: 

DC, typical turn-off at first zero-crossover. 

AC, 150 ms maximum. 

Drop-out Voltage @ 25°C: Greater than or equal to 10% of nomi- 
nal voltage. 

Pick-up Voltage @ 25°C: Less than or equal to 80% of nominal 
voltage. 



COIL DATA 



Output Voltage 
Rating 


Voltage 

±20% 


Resistance 
in Ohms 
±10% @25°C 


Nominal 
Current (mA) 




5 DC 


87 


57 




6 DC 


125 


48 




12 DC 


500 


24 


120V, 47-63 Hz. 


24 DC 


2000 


12 


48 DC 


8000 


6 




24 AC 




13.3 




120 AC 




6.2 




5 DC 


56 


89 




6 DC 


80 


75 


240V, 47-63 Hz. 


12 DC 


320 


37.5 


and 


24 DC 


1280 


18.8 


120V, 47-63 Hz. 


48 DC 


5120 


9.4 


24 AC 




21 




120 AC 




9.5 



ORDERING INFORMATION AND CODE EXPLANATION 



Sample Part No. 



ECT 



ECT Solid State Hybrid 



2. Switch Arrangement: 1 = 1 Form A (SPST-NO) 



3. Coil Control Input: D = DC A = AC 



4. Case Style: B or C (Refer to outline drawing for dimensions.) 



5. Maximum Switch Rating @ 25°C (Note 2): 

2 = 3.5Arms 4 = 10A rms 5 = 15Arms 



7 = 25A rms 



9 = 40A rmst 



6. Line Voltage: 2 = 120V, 47-63 Hz. 



4 = 240V, 47-63 Hz. 



12 



7. Coil Voltage: 5 = 5V 



6 = 6V 



12 - 12V 



24 = 24V 



48 = 48V 



120 = 120VAC 



f40 amp models are not CSA certified. 
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SWITCH U/L RATINGS 

File E-22575 Magnetic Motor Controllers 



Parameter 


Voltage 
(47-63 Hz.) 


Units 


ECT1D- 

22 


I 

24 


I 

42 


I 

44 


I 

52 


I 

54 


I 

72 


I 

74 


I 

92 


I 

94 


Horsepower 


120V 


hp 






'/» 


Vb 


M 


V, 


(4 


V4 


1 


1 


240V 


hp 








% 








1 




2 


Steady State Current 

.75 PF 


120V 


A rms 


2.5 


2.5 


4 


4 


6 


6 


7 


7 


9 


9 


240V 


A rms 




2.5 




4 




6 




7 




9 


Steady State Current .75 
PF for ECT Package Attached 
to Factory Standard Heatsink 
NOTE 2 


120V 


A rms 






10 












40 


240V 


A rms 








10 




15 




25 




40 



HYBRID SOLID STATE SWITCH FACTORY SPECIFICATIONS 

OUTPUT CHARACTERISTICS 

(All ratings are 47-63 Hz. @ + 25° C, unless otherwise specified.) 



Parameter 


Condition 


Units 




CKj 1 IUI H 

22 


I 

24 


I 

42 


I 

44 


I 

52 


i 

54 


I 

72 


74 


I 

92 


I 

94 


Load Voltage 
NOTE 4 


Nominal 


V rms 


120 


240 


120 


240 


120 


240 


120 


240 


120 


240 


Range 


V rms 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


Repetitive Blocking Voltage 
NOTE 1 


Minimum 


V peak 


±200 


±400 


±200 


±400 


±200 


±400 


±200 


±400 


±200 


±400 


Non-Repetitive Blocking 
Voltage NOTE 1 


Minimum 


V peak 


±300 


±550 


±300 


±550 


±300 


±550 


±300 


±550 


±300 


±550 


Maximum Steady-State 
Current at 25°C 
NOTE 2 


It. 


Rating with 
Heatsink 


A rms 


3.5 


3.5 


10 


1 


1 5 


1 5 


25 


25 


40 


40 




Heatsink 
Max. Thermal 
Resistance 


°C/W 


3.5 


3.5 


3.5 


3.5 


2.0 


2.0 


1.2 


1.2 


0.9 


0.9 


It* 


Rating 
Without 
Heatsink 


A rms 


2.5 


2.5 


5 


5 


6 


6 


7 


7 


9 


9 


Typical On State Voltage 
Drop for Maximum Rated 
Steady State Current at 25°C 
NOTE 2 


@It. 


V peak 


1.3 


1.3 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.6 


1.6 


@ It 2 


V peak 


1.1 


1.1 


1.2 


1.2 


1.1 


1.1 


1.2 


1.2 


1.3 


1.3 


Derated A/°C Ambient Rise 
Above 25°C to a Maximum 
Ambient of 80°C (Refer to 
switch derating curves) 
NOTE 2 


@ In 


A/°C 


.058 


.058 


.167 


.167 


.250 


.250 


.333 


.333 


.533 


.533 


@ lT2 


A/°C 


.042 


.042 


.083 


.083 


.100 


.100 


.078 


.078 


.100 


.100 


Minimum 60 Hz Load 
Current NOTE 4 


Its 


mA rms 


75 


75 


100 


100 


150 


150 


200 


200 


250 


250 


Recurrent Surge Current 
for 100 ms NOTE 3 




A peak 


15 


15 


20 


20 


30 


30 


50 


50 


80 


80 


Non-Repetitive 
Surge Current for 
1 full cycle 
NOTE 3 


100-2000 
Expected 
Operations 


60 Hz. 


A peak 


80 


80 


100 


100 


120 


120 


250 


250 


300 


300 


50 Hz. 


A peak 


72 


72 


90 


90 


108 


108 


225 


225 


270 


270 


2000-20,000 
Expected 
Operations 


60 Hz. 


A peak 


50 


50 


60 


60 


75 


75 


150 


150 


200 


200 


50 Hz. 


A peak 


45 


45 


54 


54 


68 


68 


135 


135 


180 


180 


Non-Repetitive 
Surge Current for 
10 seconds NOTE 3 


2000-20,000 
Expected 
Operations 


A peak 


15 


15 


20 


20 


30 


30 


50 


50 


80 


80 


Cummutating dv/dt 
(Inductive Load Switching for 
Loads of Listed Power Factor 
(P.F.) or Greater) NOTE 2 


Load Current 
It i & 't2 


PF 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


Load Current l T a 


PF 


.20 


.20 


.20 


.20 
500 


.20 


.20 


.20 


.20 


.20 


.20 


Static dv/dt (Ability to 
Withstand Rate of rise of Off- 
State Vol:age) 


Typical 


V/ns 


500 


500 


500 


500 


300 


500 


300 


300 


300 


Minimum 


V//xs 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Leakage Current at Nominal 
60 Hz. Load Voltage 


Typical 


mA rms 


1.0 


5.0 


2.5 


10 


5.0 


14 


5.0 


14 


7 


14 


Maximum 


mA rms 


1.5 


7.5 


3.8 


15 


7.5 


21 


7.5 


21 


10 


21 


l 2 t Rating 


t = 8.3 ms 




26 


26 


41 


41 


59 


59 


260 


260 


373 


373 



Reler to next page for explanation ot NOTES. 
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NOTE: 1 To promote reliability, the repetitive peak off-state voltage should 
not exceed 90% of the listed values. The non-repetitive blocking voltage 
permits (1) a greater degree of immunity from false operation due to tran- 
sients and (2) turning off inductive loads where ringing can result that pro- 
duces voltage magnitudes up to twice the peak of the nominal load volt- 
age. For applications that impose high repetitive voltages across the 
blocking output of the relay (e.g. transformed voltages of start windings of 
motors), better overall reliability is obtained when these voltages are within 
the repetitive blocking voltage rating of the relay. Continual blocking of 
nominal load voltage may create more stress than switching or conducting 
steady state current loads within the relay ratings. In such cases, the 
repetitive off state voltage rating of the relay used should be 1.5 to 2 times 
the peak of the rms load voltage. For these applications review your re- 
quirements with the factory. 

NOTE 2 Steady state current ratings are rms values at 25°C. Refer to 
switch specifications and the derating curves for limits above 25°C. The 
derating curves for heatsink mounting are based on usage of a heatsink 
which meets or exceeds the heatsink thermal impedance requirements as 
listed in the Hybrid Solid State Switch Factory Ratings table. Thermal joint 
compound must be used between the relay baseplate and the external 
heatsink. Aluminum plates of the size listed in the Heatsink Ratings table, 
with the derating curves, meet or exceed the thermal impedance require- 
ments for the codes with which they are listed. 

The derating curves for any heatsink mounting are to be used as a general 
guideline to insure that the temperature rise of the relay baseplate and, 
hence the nternal component temperatures are not exceeding per- 
missible limits for a particular load current and environmental conditions. 



Measuring the temperature of the mounting screws on the relay baseplate 
is usually adequate. Performance and reliability should be considerably 
enhanced by operating the relay as far below maximum temperature rat- 
ings as practical, and by minimizing thermal excursions. 

NOTE 3 Input control may be lost during and immediately following the 
surge current interval due to heating. A current overload may not be re- 
peated until switch temperature has returned to within steady-state rated 
value. A typical maximum for the repetition rate for current surges is once 
every three minutes. The rated non-repetitive surge current may produce 
a thermal stress or fatigue sufficient to cause some degradation to the re- 
lay output, whereas the stress resulting from rated recurrent surge current 
should not cause a noticeable decrease in overall life or increase in failure 
rate. Non-repetitive surge current stresses have an accumulative effect. 

NOTE 4 The conduction angle can gradually decrease as the load current 
or voltage is reduced beyond the minimum rating. Relay may drop out for 
load conditions substantially less than this limit. The "on-state" voltage 
will increase to 15 volts for loads below the holding current of the output 
triac (10-100mA). Generally, the load current to be switched should be at 
least 10 times the off-state leakage current. For repetitive switching of 
highly inductive, low current 240V loads, review your requirements with 
the factory. 



NOTE 5 The "on-state" voltage drop is the value of peak voltage which 
occurs across the solid state relay output (LINE-LOAD terminals) one 
quarter cycle after the waveform passes through zero. 



ECT SOLID STATE SWITCH DERATING CURVES (NOTE 2) 




HEATSINK RATINGS 



Code 


Current 

@25°C 


Required Thermal 
Resistance 


Typical Aluminum 
Heatsink Size 


2 


3.5 


3.5°C/W 


6" x6" x .125" 


4 


10 


3.5°C/W 


6" x 6" x .125" 


5 


15 


2.0°C/W 


10" x 10" x .125" 


7 


25 


1.2°C/W 


15"x15"x.125" 


9 


40 


0.9°C/W 


20" x 20" x. 125" 







OUTLINE DRAWING 




I. ISO MAX . 

1.65 MAX. 



STYLE B 



« 1.52 MAX. ml 

g d 






.060 
\ 







MOUNTING STYLES 



5 ' 

.500 



Baseplate 



1 LINE 



LOAD 2 



-1.82 MAX.- 
2.250 



.187 D I A . 
TYP. 



J, 



STYLE B 



© 



.187 D1A. 
TYP. 



1 LINE 



+ 3 



TEH 



LOAD 2 







.500 
. 1.82 MAX.- 



STYLE C 

(Same as P&B PRD relay) 



7AB1 



7AB2 



OPERATING DIAGRAMS 



■ DC INPUT 










RECTIFIER 

BRIDGE 
AND FILTER 


|_| COIL 


J 


REED 





SUPPRESSION 
NETWORK 



O 2 

LOAD 



DV/DT 
SUPPRESSION 



'0 

LINE 



"Reversed DC polarity is available. 



POTTER & BRUMFIELD RELAYS 




EOM series 

.020 TO 25 AMPERES 
ALL SOLID STATE 
AC RELAY 

Optically Coupled 

Zero Crossover Switching 

High Transient Noise Immunity 

^ File E22575 



GENERAL INFORMATION 

The EOM is a medium power, 120/240V AC, 47-63 Hz. solid state 
relay that is controlled by an opto electronic coupler. This design 
is intended to be used as an ON /OFF switch for loads through 25 
amperes. EMI and RFI are greatly reduced due to zero voltage 
turn-on and zero current turn-off of the load. 

Protection against false triggering is provided by a dv/dt snubber 
network across the output switch which restricts the rate of rise 
of most voltage transients to within acceptable limits. 

An additional safeguard against false triggering is offered on 
models with a metal oxide varistor which is usually sufficient to 
clip the amplitude of transient voltages below the peak blocking 
capability of the output switch. 

All models withstand >4,500V PP EMI/RFI on the baseplate, and 
>3,000V PP on the case without false operating or half-cycling. 

This relay is an ideal component for interfacing between the logic 
output of TTL, HTL, MOS or microprocessor circuitry and such AC 
loads as solenoids, motors, lamps, heaters and transformers. Some 
application areas that might require the switching characteristics 
of these re ays are process controls, instrumentation, alarm de- 
vices, machine tools, vending machines, dryers, photocopy equip- 
ment and lighting control. 

ENGINEERING DATA 

Duty: Continuous 

Expected Life: 10 million to greater than 100 million operations, 
or 10,000 to 50,000 hrs. or more. When operating outside spec- 
ified min. /max. steady state current ratings, consult factory. 



Temperature Range: 

Storage: -40 °C to + 85 °C 

Operating Ambient: -30°Cto + 80°C (Refer to contact 
specifications and current derating curves.) 
Approximate Weight: Potted: 3.9 oz. (110 g) 

Non-potted: 2.5 oz. (72 g) 

Case and Mounting: Refer to dimensional drawing. 

Termination: See dimension drawings. 

Immunity to False Operation: > 4,500V PP EMI/RFI on 
relay baseplate; >3,000V PP EMI/RFI on relay case. (Note 6) 

Isolation: 2500V rms, 60 Hz (Higher isolation voltage ratings are 

available, consult factory.) 
Insulation Resistance: 10 9 ohms. 

i Time: Typical turn-on at first zero-crossover. 
> Time: Typical turn-off at first zero-crossover. 

INPUT SPECIFICATIONS 

-30°C to + 80°C 





Input Voltage' (V DC) 


Max. Input Current (mA DC) 


Input 








At Rated 


At Maximum 


Voltage 




Pick-up 


Drop-out 


Pick-up Volts 


Volts 


Designator 


Range 


(Max.) 


(Min.) 






3-32 


3-32 


3 


1.0 


15 


35 


5 


3-5.5 


3 


1.0 


15 


25 


6 


5-7 


5 


1.0 


15 


25 


12 


10-14 


10 


1.2 


15 


25 


24 


20-28 


20 


2.0 


15 


25 



1. Basic Series: EOM Solid State Relay 



2. Switch Arrangement: 1 = 1 Form A (SPST-NO) 



3. Coil Control Input: D = DC 



'Voltage rise and fall rates of 1V'ms or faster. 



ORDERING INFORMATION AND CODE EXPLANATION 



Sample Part No. ► EOM 



4. Case style: A = Potted 

E = Non-Potted 

Refer to outline drawing for dimensions. 



5. Maximum Switch Rating @ 25°C (Note 2): f 

2 = 3.5A rms 4 = 10Arms 5 = 15Arms 7 = 25A rms 



6. Line Voltage: 2 = 120V, 47-63 Hz. 3 = 1 20V, 47-63 Hz. f t 4 = 240V, 47-63 Hz. 5 = 240V, 47-63 Hz. ft 



12 



7. Input Voltage: 3-32 = 3-32V 5 = 5V 6 = 6V 12 = 12V 24 = 24V 



| Consult factory for other current ratings 

t t Has metal oxide varistor. The maximum off-state voltage (peak) 
should not exceed 200V for voltage code 3, and 375V for code 5. 
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SWITCH U/L RATINGS 

File E22575 Magnetic Motor Controllers 



Parameter 


Voltage 
(47-63 Hz.) 


Units 


EOM1DA or E 


22 


24 


42 


44 


52 


54 


72 


74 


Horsepower 


120V 


hp 








V. 


ft 


V. 


'/< 


ft 


ft 


240V 


hp 










'A 




Vi 




1 


Steady State rms Current 
.75PF Without Heatsink 


120V 


A 




1.5 


1.5 


4 


4 


5 


5 


6 


6 


240V 


A 






1.5 




4 




5 




6 


Steady State rms Current 
.75PF for EOM 
package attached to 
recommended heatsink 
NOTE 2 


120V 


A 








10 


10 


15 


15 


25 


25 


240V 


A 










10 




15 




25 



SOLID STATE SWITCH FACTORY SPECIFICATIONS 
OUTPUT CHARACTERISTICS 

(All ratings are 47-63 Hz. @ + 25°C. unless otherwise specified.) 





Parameter 


Condition 


Units 


EOU1DA orE 


22 


24 


42 


44 


52 


54 


72 


74 




Load Voltage 








Nominal 


V rms 




120 


240 


120 


240 


120 


240 


120 


240 




NOTE 4 








Range 


V rms 




24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 




Repetitive Blocking Voltage 
NOTE 1 


Minimum 


V peak 




±200 


±500 


±200 


±500 


±200 


±500 


±200 


±500 




Non-Repetitive Blocking 
Voltage NOTE 1 


Minimum 


V peak 




±275 


±600 


±275 


±600 


±275 


±600 


±275 


±600 


TAGE 


Typical "On-State" Voltage 
Drop for Load Current Rating 
NOTES 2 & 5 


@Iti 


V peak 




±1.3 


±1.3 


±1.5 


±1.5 


±1.5 


±1.5 


±1.5 


±1.5 


@ll2 


V psdk 




±11 


±11 


±12 


±12 


±11 


±11 


±12 


±12 


OL 


Initial Turn-On Voltage 


Typical 


V peak 





16 


16 


16 


16 


16 


16 


16 


16 


> 


Repetitive Turn-On Voltage 
for Successive Half Cycles 


Typical 


V peak 




6 


6 


8 


8 


10 


10 


12 


12 




Static dv/dt (Ability to 
Withstand Rate of Rise of 
"Off-State" Voltage) 


Typical 


V/fis 




>500 


>500 


>500 


>500 


>500 


>500 


>500 


>500 




Minimum 


V/fis 




250 


250 


250 


250 


250 


250 


250 


250 




Commutating dv/dt Inductive 
Load Switching for Loads of 


@ Current 
In & 't2 


P.F. 




.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 




Listed Power Factor (P.F.) or 
Greater 




@ Current 

l T3 


P.F. 




.20 


.20 


.20 


.20 


.20 


.20 


.20 


.20 










In 


Max. Rating 
With Heatsink 


A rms 




3.5** 


3.5** 


10 


10 


15 


15 


25 


25 




Maximum Steady- 
State Current at 






Heatsink 
Max. Thermal 
Resistance 


°C/W 




3.5 


3.5 


3.5 


3.5 


2.0 


2.0 


1.2 


1.2 




25 C NOTE 2 








Max. Rating 

Without 

Heatsink 


A rms 


Case A, 
Potted 


2.5 


2.5 


5 


5 


6 


6 


7 


7 










lT2 


Case E, 
Non-Potted 


1.4 


1.4 


4 


4 


5 


5 


6 


6 








60 Hz. 


100-2000 


A peak 




80 


80 


100 


100 


120 


120 


250 


250 




Non-Repetitive 




2000-20,000 


A peak 




50 


50 


60 


60 


75 


75 


150 


150 




Surge Current 
for 1 cycle 
NOTE 3 


O OJ 

m - 


50 Hz. 


100-2000 


A peak 




72 


72 


90 


90 


108 


108 


225 


225 


Z 


S. to 

x £■ 

UJO 


2000-20,000 


A peak 




45 


45 


54 


54 


68 


68 


135 


135 


UJ 

cc 




1s 


A peak 




20 


20 


30 


30 


50 


50 


75 


75 


CUR 


Recurrent Surge Current 
NOTE 3 


100 ms 


A peak 








20 


20 


30 


30 


50 


50 




Minimum Load Current 
NOTE 4 


lT3 


mA rms 




20 


20 


20 


20 


20 


20 


20 


20 




Leakage Current at Nominal 


Typical 


mA rms 




2 


2 


2 


2 


2 


2 


2 


2 




Load Voltage 






Maximum 


mA rms 




4 


4 


4 


4 


4 


4 


4 


4 




Derating Factor for Current 


@Iti 


A/°C 




.058** 


.058** 


.167 


.167 


.250 


.250 


.333 


.333 




vs. Ambient Rise from 25°C 
to 80°C(Referto Switch 
Deratina Curvesl NOTE 2 






A/°C 


Case A, 
Potted 


.033 


.042 


.067 


.083 


.080 


.10 


.078 


.078 












@lT2 


Case E, 
Non-Potted 


.019 


.023 


.053 


.067 


.067 


.083 


.067 


.067 




I't Rating 


t = 8.3 ms 






26 


26 


41 


41 


59 


59 


260 


260 



* 4 Potted model only. Heatsink has no effect on non-potted, current code 2 models. 

All specifications are applicable for both potted and non-potted 
versions, except as noted. 



Refer to next page for explanation of NOTES. 



NOTE: 1 To promote reliability, the repetitive peak oft-state voltage should 
not exceed 90°» of the listed values- The non-repetitive blocking voltage 
permits (1) a greater degree of immunity from false operation due to tran- 
sients and (2) turning off inductive loads where ringing can result that pro- 
duces voltage magnitudes up to twice the peak of the nominal load volt- 
age- For applications that impose high repetitive voltages across the 
blocking output of the relay (e g. transformed voltages of start windings of 
motors), better overall reliability is obtained when these voltages are within 
the repetitive blocking voltage rating of the relay. Continual blocking of 
nominal load voltage may create more stress than switching or conducting 
steady state current loads within the relay ratings In such cases, the 
repetitive off state voltage rating of the relay used should be 1.5 to 2 times 
the peak of the rms load voltage. For these applications review your re- 
quirements wf h the factory 



NOTE 2 Steady state current ratings are rms values at 25 C- Refer to 
switch specifications and the derating curves for limits above 25 C. The 
derating curves for heatsink mounting are based on usage of a heatsink 
which meets or exceeds the heatsink thermal impedance requirements as 
listed in the EOM Solid State Switch Derating Curves Thermal joint 
compound must be used between the relay baseplate and the external 
heatsink Aluminum plates of the size listed in the Heatsink Rating table. 

ing curves, meet or exceed the thermal impedance require- 



with the deral 
ment 

The derating 

guideline to nsure that the temperature rise of the relay baseplate and, 
hence the internal component temperatures are not exceeding per- 
missible limits for a particular load current and environmental conditions 



Measuring th 



e temperature of the mounting screws on the relay baseplate 



is usually adequate Performance and reliability should be considerably 



curve for any heatsink mounting is to be used as a general 



enhanced by operating the relay as far below maximum temperature rat- 
ings as practical, and by minimizing thermal excursions 

NOTE 3 Input control may be lost during and immediately following the 
surge current interval due to heating. A current overload may not be re- 
peated until switch temperature has returned to within steady-state rated 
value. A typical maximum for the repetition rate for current surges is once 
every three minutes. The rated non-repetitive surge current may produce 
a thermal stress or fatigue sufficient to cause some degradation to the re- 
lay output, whereas the stress resulting from rated recurrent surge current 
should not cause a noticeable decrease in overall life or increase in failure 
rate. Non-repetitive surge current stresses have an accumulative effect. 

NOTE 4 The conduction angle can gradually decrease as the load cur- 
rent or voltage is reduced beyond the minimum rating. Relay may drop out 
for load conditions substantially less than this limit. The "on-state" voltage 
will increase to 10 volts for loads below the holding current of the output 
triac (10-100mA). Generally, the load current to be switched should be at 
least 10 times the off-state leakage current. For repetitive switching of 
highly inductive, low current 120/240V loads, review your requirements 
with the factory. 

NOTE 5 The "on-state" voltage drop is the value of peak voltage which 
occurs across the solid state relay output (LINE— LOAD terminals) one 
quarter cycle after the waveform passes through zero. 



NOTE 6 Per NEMA ICS 2-230 (Electrical Noise Immunity Test) these relays 
typically demonstrate noise immunity of >10,000V PP 



EOM 



SOLID STATE SWITCH DERATING CURVES (NOTE 2) 



Steady State rms Current Rating vs Maximum Ambient Temperature 
For applications above +80°C, consult factory 



Free Air Mounting 
Non-Potted Models 



Free Air Mounting 
Potted Models 



Heatsink Mounting 
Potted & Non-Potted 
Models 



Steady State rms Current Rating vs 
Maximum Relay Mounting Temperature 



Any Heatsink Mounting 
Potted & Non-Potted 
Models 
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Code 7 


























































































Code 5 


















1 1 
Code 




















X 










































C 































































60 70 

C 



80 



30 40 50 60 70 

Ambient Temp "C 



20 30 40 50 60 70 
Ambient Temp °C 



80 



40 50 60 70 80 90 100 
Maximum Baseplate Temp. °C 



'Potted model only. 



HEATSINK RATINGS 



Code 


Current 


Required Thermal 


Typical Aluminum 


@25°C 


Resistance 


Heatsink Size 


2 


3.5A 


3.5°C/W 


6"x6" x.125" 


4 


10A 


3.5°C/W 


6"x6" x.125" 


5 


15A 


2.0°C/W 


10" x 10" x .125" 


7 


25A 


1.2-C/W 


1 5" x 15" x.125" 



NOTE: Code numbers correspond to Maximum Switch Rating 
Code in the Ordering Information and Code Explanation 
table. 
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OUTLINE DRAWING 




OPERATING DIAGRAM 



+ 3 



Lr 



INPUT - 



CURRENT LIMITING 
AND 

POLARITY PROTECTION 




POTTER & BRUMFIELD RELAYS 




GENERAL INFORMATION 

The EOT is a medium power, 120/240VAC, 47-63 Hz. solid state 
switch, controlled and isolated by an opto-electronic coupler. 
This design is intended to be used as an ON/OFF switch for loads 
through 40 amperes. EMI and RFI are greatly reduced, due to 
zero-voltage turn-on and zero-current turn-off of the load. 

Protection against false triggering is provided by a dv/dt snubber 
network across the output switch which restricts the rate of rise 
of most voltage transients to within acceptable limits. 

An additional safeguard against false triggering is offered on 
models with a metal oxide varistor which is usually sufficient to 
clip the amplitude of transient voltages below the peak blocking 
capability of the output switch. 

This series presents an ideal component for interfacing between 
the logic output of TTL, HTL, or MOS circuitry and such AC loads 
as solenoids, motors, lamps, and transformers. Some application 
areas that might require the switching characteristics of these re- 
lays are process controls, instrumentation, life support equip- 
ment, alarm devices, machine tools, vending machines, dryers, 
photocopy equipment, and lighting control. 

The EOT series is UL recognized for use in industrial 
applications. 

ENGINEERING DATA 

Duty: Continuous 

Expected Life: 10 million to greater than 100 million operations, 
or 10,000 to 50,000 hrs. or more. When operating outside spec- 
ified min./max. steady state current ratings, consult factory. 



EOT 

.075 TO 40 AMPERES 
ALL SOLID STATE 
AC RELAYS 

Opto Isolated 
Zero Crossover 
Switching 

^ File E22575 
@ File LR 15734 

Temperature Range: 

Storage: -40 °C to + 85 °C 

Operating Ambient: — 30"C to +80°C (Refer to contact 
specifications and current derating curves.) 

Approximate Weight: 6.0 oz. (170 grams) 

Case and Mounting: Refer to dimensional drawing. 

Termination: See dimension drawings. 

Isolation: 1500V rms, 60 Hz (Higher isolation voltage ratings are 

available, consult factory.) 
Insulation Resistance: 10' ohms. 
Operate Time: Typical turn-on at first zero-crossover. 
Release Time: Typical turn-off at first zero-crossover. 

Transient Noise Immunity: >3000 V (Peak-to-Peak) 

Per NEMA ICS 2-230 (Note 6) 

INPUT SPECIFICATIONS 

-30°Cto + 80°C 





Input Voltage* (V DC) 


Input Current (mA DC) 


Input 








At Rated 


At Maximum 


Voltage 




Pick-up 


Drop-out 


Pick-up Volts 


Volts 


Designator 


Range 


(Max.) 


(Min.) 


(Max.) 


(Max.) 


3-32 


3-32 


3 


0.8 


15 


20 


5 


4- 6 


4 


0.8 


11 


18# 


6 


5- 8 


5 


0.8 


11 


18 


12 


10-16 


10 


1.2 


11 


18 


24 


18-32 


18 


2.0 


11 


18 



"Voltage rise and fall rates of 1 V/ms or faster. 



1. Basic Series: EOT Solid State Relay 



4. Case Style 



ORDERING INFORMATION AND CODE EXPLANATION 



Sample Part No. 



EOT 



2. Switch Arrangement: 1 = 1 Form A (SPST-NO) 



3. Coil Control Input: D = DC 



B or C (Refer to outline drawing for dimensions.) 



#16 ma max. @5.5 VDC 
» 8 ma typ. @ 5.0 VDC. 



12 



5. Maximum Switch Rating @ 25°C (Note 2):f 

2 = 3.5A rms 4 = 10Arms 5 = 15Arms 7 = 25A rms 9 = 40A rms s 



6. Line Voltage: 2 = 120V, 47-63 Hz. 3 - 120V, 47-63 Hz. ft 4 = 240V, 47-63 Hz. 5 = 240V, 47-63 Hz. tt 



7. Input Voltage: 3-32 = 3-32V 5 = 5V 



6V 



12 = 12V 



24 = 24V 



fConsult factory for other current ratings. 



s 40 amp model is not UL recognized or CSA certified 



ttHas metal 
exceed 



oxide 
200V 



varistor. The maximum off-state voltage (peak) should not 
for voltage code 3, and 375V for voltage code 5. 



SWITCH U/L RATINGS 

File E22575 Magnetic Motor Controllers 



Parameter 


Voltage 
(47-63 Hz) 


Units 


EOT1DB/C 

22 


I 

24 


I 

42 


I 

44 


i 

52 


i 

54 


1 

72 


1 

74 


Horsepower 


120V 


hp 






Vio 


Mo 


% 


% 


V> 


% 


240V 


hp 








IS 




% 




% 


Steady State Current 
.75 PF-No Heatsink 


120V 


A rms 


2 

(2.5) 


2 

(2.5) 


4 

(5) 


4 

(5) 


5 

(6) 


5 

(6) 


7 


7 


240V 


A rms 




2 

(2.5) 




4 

(5) 




5 

(6) 




7 


Steady State Current .75 PF for 
EOT Package Attached to 
Recommended Heatsink. 
NOTE 2 


120V 


A rms 






(10) 


(10) 


12 
(15) 


12 
(15) 


20 
(25) 


20 
(25) 


240V 


A rms 








(10) 




12 
(15) 




20 
(25) 



NOTE: Values in parenthesis are pending. 



SOLID STATE SWITCH FACTORY SPECIFICATIONS 
OUTPUT CHARACTERISTICS 

(All ratings are 47-63 Hz. @ + 25°C, unless otherwise specified.) 



Parameter 


Condition 


Units 




22 


3 / W | 

24 


I 

42 


I 

44 


i 

52 


i 

54 


i 

72 


74 


i 

92 


i 

94 


Load Voltage 
NOTE 4 


Nominal 


V rms 


120 


240 


120 


240 


120 


240 


120 


240 


120 


240 


Range 


V rms 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


24-140 


24-280 


Repetitive Blocking Voltage 
NOTE 1 


Minimum 


V peak 


±200 


±500 


±200 


±500 


±200 


±500 


±200 


±500 


±200 


±500 


Non-Repetitive Blocking Voltage 
NOTE 1 


Minimum 


V peak 


±300 


±600 


±300 


±600 


±300 


±600 


±300 


±600 


±300 


±600 


Maximum steady-state load 
current rating 
NOTE 2 


It, 


Rating with 
Heatsink 


A rms 


3.5 


3.5 


1 


1 


1 5 


1 5 


25 


25 


40 


40 




Heatsink 
Max. Thermal 
Resistance 


°C/W 


3.5 


3.5 


3.5 


3.5 


2.0 


2.0 


1.2 


1.2 


0.9 


0.9 


lT2 


Without 
Heatsink 


A rms 


2.5 


2.5 


5 


5 


6 


6 


7 


7 


9 


9 


Non-Repetitive 
Surge Current for 
1 full cycle 
NOTE 3 


100-2000 
Expected 
Operations 


60 Hz 


A peak 


80 


80 


100 


100 


120 


120 


250 


250 


300 


300 


50 Hz 


A peak 


72 


72 


90 


90 


108 


108 


225 


225 


270 


270 


2000-20,000 
Expected 
Operations 


60 Hz 


A peak 


50 


50 


60 


60 


75 


75 


150 


150 


200 


200 


50 Hz 


A peak 


45 


45 


54 


54 


68 


68 


135 


135 


180 


180 


1 s 


A peak 


20 


20 


30 


30 


50 


50 


75 


75 


100 


100 


Recurrent Surge Current 
NOTE 3 


100 ms 


A peak 


15 


15 


20 


20 


30 


30 


50 


50 


80 


80 


Minirrum Load Current 
NOTE 4 




mA rms 


75 


75 


100 


100 


150 


150 


200 


200 


250 


250 


Maximum "On-State" Voltage 
Drop for Load Current Rating 
NOTE 2 


@I TI 


V peak 


1.3 


1.3 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.6 


1.6 


@li2& In 


V peak 


1.1 


1.1 


1.2 


1.2 


1.1 


1.1 


1.2 


1.2 


1.3 


1 3 


Leakage Current at 
Nominal Load Voltage 


Typical 


mA rms 


2.5 


5 


2.5 


5 


2.5 


5 


2.5 


5 


2.5 


5 


Maximum 


mA rms 


5 


10 


5 


10 


5 


10 


5 


10 


5 


10 


Static dv/dt (Ability to 
withstand Rate of Rise of 
"Off-State" Voltage) 


Minimum 


V//is 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Typical 


V/(*s 


250 


250 


250 


250 


250 


250 


250 


250 


250 


250 


Initial Turn-On Voltage 


Typical 


V peak 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 


Repetitive Turn-On Voltage 
For Successive Half 
Cycles 


Typical 


V peak 


8 


8 


10 


10 


12 


12 


14 


14 


14 


14 


Commutating dv/dt (Inductive 
load switching for loads of 
listed power factor (PF) or 
greater NOTE 2 


Current l T i & In 


PF 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


.40 


Current l T3 


PF 


.20 


.20 


.20 


.20 


.20 


.20 


.20 


.20 


.20 


.20 


Derating Factor for Current vs 
Ambient Rise from 25 = C to 55°C. 
(Refer to Contact Derating 
Curves.) NOTE 2 


@It, 


A/°C 


.058 


.058 


.167 


.167 


.250 


.250 


.333 


.333 


.533 


.533 


@lT2 


A/°C 


.042 


.042 


.083 


.083 


.100 


.100 


.078 


.078 


.100 


.100 


Pt Rating 


t = 8.3 ms 




26 


26 


41 


41 


59 


59 


260 


260 


373 


373 



Refer to next page for explanation of NOTES. 



NOTE: 1 To promote reliability, the repetitive peak off-state voltage should 
not exceed 90% of the listed values. The non-repetitive blocking voltage 
permits (1) a greater degree of immunity from false operation due to tran- 
sients and (2) turning off inductive loads where ringing can result that pro- 
duces voltage magnitudes up to twice the peak of the nominal load volt- 
age. For applications that impose high repetitive voltages across the 
blocking output of the relay (e.g. transformed voltages of start windings of 
motors), better overall reliability is obtained when these voltages are within 
the repetitive blocking voltage rating of the relay. Continual blocking of 
nominal load voltage may create more stress than switching or conducting 
steady state current loads within the relay ratings. In such cases, the 
repetitive off state voltage rating of the relay used should be 1.5 to 2 times 
the peak of the rms load voltage. For these applications review your re- 
quirements with the factory. 

NOTE 2 Steady state current ratings are rms values at 25°C. Refer to 
switch specifications and the derating curves for limits above 25"C. The 
derating curves for heatsink mounting are based on usage of a heatsink 
which meets or exceeds the heatsink thermal impedance requirements as 
listed in the Solid State Switch Factory Ratings table. Thermal joint com- 
pound must be used between the relay baseplate and the external heat- 
sink. Aluminum plates of the size listed in the Heatsink Ratings table, with 
the derating curves, meet or exceed the thermal impedance requirements 
for the codes with which they are listed. 

The derating curves for any heatsink mounting are to be used as a general 
guideline to insure that the temperature rise of the relay baseplate and, 
hence the internal component temperatures are not exceeding per- 
missible limits for a particular load current and environmental conditions. 
Measuring the temperature of the mounting screws on the relay baseplate 



is usually adequate. Performance and reliability should be considerably 
enhanced by operating the relay as far below maximum temperature rat- 
ings as practical, and by minimizing thermal excursions. 

NOTE 3 Input control may be lost during and immediately following the 
surge current interval due to heating. A current overload may not be re- 
peated until switch temperature has returned to within steady-state rated 
value. A typical maximum for the repetition rate for current surges is once 
every three minutes. The rated non-repetitive surge current may produce 
a thermal stress or fatigue sufficient to cause some degradation to the re- 
lay output, whereas the stress resulting from rated recurrent surge current 
should not cause a noticeable decrease in overall life or increase in failure 
rate. Non-repetitive surge current stresses have an accumulative effect. 

NOTE 4 The conduction angle can gradually decrease as the load current 
or voltage is reduced beyond the minimum rating. Relay may drop out for 
load conditions substantially less than this limit. The "on-state" voltage 
will increase to as much as 3 volts for loads less than the holding current 
of the output triac (10-100mA). For even lower load currents, less than the 
holding current of the pilot circuitry (5-10mA), the relay will turn off. Gener- 
ally, the load current to be switched should be at least 10 times the off- 
state leakage current. For repetitive switching of highly inductive, low cur- 
rent 240V loads, review your requirements with the factory. 

NOTE 5 The "on-state" voltage drop is the value of peak voltage which 
occurs across the solid state relay output (LINE-LOAD terminals) one 
quarter cycle after the waveform passes through zero. 

NOTE 6 Per NEMA ICS 2-230 (Electrical Noise Immunity Test) these relays 
typically demonstrate noise immunity of >10,000V PP . 



EOT SOLID STATE SWITCH DERATING CURVES (NOTE 2) 



Steady State rms Current 
For applications 



Free Air Mounting 



vs Maximum Ambient Temperature 
+ 80°C, consult factory 



Heatsink Mounting 



Steady State rms Current Rating vs 
Maximum Relay Mounting Temperature 



Any Heatsink Mounting 





E 35 



E 

< 



O 



20 30 40 50 60 70 80 
Ambient Temp. °C 



20 30 40 50 60 70 80 
Ambient Temp °C 



HEATSINK RATINGS 



Code 9 




' 
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Code 7 
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Code 5 










\ 






I 


















Code 


4 






















- 














-£ 
































- 




















- 






* 









40 50 60 70 80 90 100 
Maximum Baseplate Temp. °C 



Code 


Current 

@ 25°C 


Required Thermal 
Resistance 


Typical Aluminum 
Heatsink Size 


2 


3.5 


3.5° C/W 


6"x6"x.125" 


4 


10 


3.5°C/W 


6"x6"x .125" 


5 


15 


2.0°C/W 


10" x 10" x .125" 


7 


25 


1.2°C/W 


15" x 15" x .125" 


9 


40 


0.9"C/W 


20" x20" x .125" 



EOT DIMENSIONS 




Baseplate 



1.150 MAX. 

1.6S MAX. 



STYLE B 



J L 



.060 
I 



MOUNTING STYLES 



[iH HI 



500 



O 

LINE 1 



LOAD 2 



+ 3 



■1.82 MAX.— 
2. 2S0 



.187 DIA. 

TYP. 



© 



STYLE B 



x n x 

< I- < 

J Q I 



• 187 DIA. 
TYP. 



LINE 1 



TEH 



LOAD 2 



I lun 



e 



.500 
■ 1.62 MAX - 

STYLE C 



7AB1 



7AB2 



EOT OPERATING DIAGRAM 



+ 3 



■ INPUT - 





CURRENT LIMITING 
AND 

POLARITY PROTECTION 








LED 












Note: Standard models have .250" quick-connect terminals. .187" and 
.205" quick-connect terminals are available on special request. Adapters 
7A81 and 7AB2 convert the .250" quick-connnect terminals to #6-32 
screw terminals. 



POTTER & BRUMFIELD RELAYS 




GENERAL INFORMATION 



ETC-1000/1100 solid state relays are primarily for use as ON/ 
OFF switches to control traffic lights. These relays are controlled 
by an opto electronic coupler and will switch load requirements 
up to 10 amperes at 75°C when the device is mounted in a traffic 
light control relay assembly. The design is intended to meet 
NEMA, California and New York traffic signal standards. 

Protection against false triggering is provided by a dv/dt snub- 
ber network across the output switch which restricts the rate of 
rise of most voltage transients to within acceptable limits. 

The ETC-1000/1100 will withstand induced transients >4500 
Vpp EMI/RFI on the baseplate and >3000 Vpp EMI/RFI on the 
case without false operating or half-cycling. 



ENGINEERING DATA 



Duty: Continuous 

Expected Life: Typically greater than 100 million operations or 

greater than 50,000 hrs. 
Temperature Range: 

Storage: -40°Cto + 85°C. 

Operating Ambient: -40°Cto +80°C. 
Approximate Weight: 2.5 oz. (72 grams) 
Case and Mounting: Refer to dimensional drawing. 



ETC 



series 



SOLID STATE RELAYS FOR 
TRAFFIC LIGHT CONTROL 



Termination: See dimension drawings. 

Immunity to False Operation: >4500 Vpp EMI/RFI on relay 
baseplate; >3000 Vpp EMI/RFI on relay case (NEMA ICS2- 
230). 

Isolation: 1500V rms, 60 Hz/2000VDC (Input to Output and In- 
put—Output to base). 
Insulation Resistance: 10 s ohms. 

Operate Time: Typical turn-on at first zero voltage crossover. 
Release Time: Typical turn-off at first zero current crossover. 



INPUT SPECIFICATIONS 

-40°Cto + 80°C 



Parameter 


Units 


Condition 


ETC- 
1000 


ETC- 
1100 


Must Operate* 


VDC 


Maximum 


18 


12 


Must Release* 


VDC 


Minimum 


8 


8 


Maximum Operate 


VDC 




32 


32 


Current @ 24 VDC 


mA 


Maximum 


10 


10 


Reverse Input 


VDC 


Maximum 


32 


32 



''Voltage rise and fall rates of 1 v/ms or faster. 



ORDERING INFORMATION 



Part Number 



ETC-1000 
ETC-1 1 00 



Description 



Solid state relay 
Solid state relay 



Recognition 



Meets California traffic signal standards 
Meets New York traffic signal standards 



OUTPUT CHARACTERISTICS 

(All ratings are 47-63 Hz. @ + 25, unless otherwise specified.) 





Parameter 


Condition 


Units 


Limit 




Load Voltage** 




V rms 


24-140 




Repetitive Blocking Voltage** 


Minimum 


V peak 


±200 


Ill 


Non-Repetitive Blocking Voltage** 


Minimum 


V peak 


±500 


IJJ 

(5 
< 


"On-State" Voltage Drop 
Note 1 


@ 10 Amps 


Typical 


V peak 


±1.1 


1- 


Static dv/dt (Ability to Withstand Rate of 


Typical 


V/fis 


250 


_i 

O 


Rise of "Off-State" Voltage) 


ivi ir Milium 


\/ / uC 

V / jUb 


1 net 


> 


Initial Turn-On Voltage 




i y [Jiodi 


V pccll\ 


1 ft 




Note 2 




Maximum 


V pcdK 


CO 




Repetitive Turn-On Voltage 


Typical 


V peak 


Q 

o 




For Successive Half Cycles 
Note 2 


Maximum 


V peak 


1 A 
1 4 




Maximum Steady State Current 
Note 3 


75°C Amb 


A rms 


1 


I— 


Non-Repetitive Surge 


Expected 


100-2000 


A peak 


250 


z 


Current for One Cycle 


Operations 


2000-20000 


A peak 


150 


LU 


Non-Repetitive Surge Current 


1 sec. 


A peak 


75 


oc 
cc 


Recurrent Surge Current 


100 ms 


A peak 


50 


3 


Minimum Load Current 






mA rms 


50 


o 


Note 4 












Leakage Current @ 120 V rms 


Typical 


mA rms 


1.5 








Maximum 


mA rms 


4 



**Over operating temperature range. 



NOTE 1 The "on-state" voltage drop is the value of peak voltage 
which occurs across the solid state relay output (Line-Load termi- 
nals) one quarter cycle after the waveform passes through zero. 

NOTE 2 Turn-on voltages are for a 10A, 120V tungsten lamp 
load. 



NOTE 3 This rating is based on the relay mounted on a heatsink 
having a maximum thermal impedence of 2.4°C/W. In many ap- 
plications this can be achieved by mounting in a traffic light con- 
trol relay assembly. Thermal joint compound must be used be- 
tween the relay baseplate and mounting surface. 

NOTE 4 For load currents below the holding current of the out- 
put tripac (10-100 mA), the "on-state" voltage will increase to typ- 
ically 3 volts since the pilot SCR is switching the load. 



< 
E 

T 

£ 

o 
o 



o 
o 



Typical Control Current vs. 
Control Voltage @25°C Ambient 



Steady State rms Current Rating 
vs. Maximum Ambient Temperature 
(NOTE 3) 




8 12 16 20 
Control Voltage-VDC 



20 30 40 50 60 70 
Ambient Temp. °C 



OUTLINE DRAWING 



Unit: inch 



|— .875 



in ,j 



I— .16 



.1.10 



-#8-32 




Baseplate 



-Typ. .187 DIA 



OPERATING DIAGRAM 



+ 3 



Li 



INPUT- 



CURRENT LIMITING 
AND 

POLARITY PROTECTION 



LED 




ZERO 
CROSSING 
DETECTOR 



dvdt 
SUPPRESSION 
NETWORK 



6 

LOAD 2 



□ 



6 

LINE 1 



POTTER & BRUMFIELD INPUT/OUTPUT MODULES 




GENERAL INFORMATION 

Potter & Brumfield input/output (I/O) modules provide a means 
of reliably interfacing between microprocessor- or computer- 
based control systems and external input devices and loads such 
as switches, sensors, valves and motor starters. 

These solid state I/O modules are offered in four photo-isolated 
versions: AC input, AC output, DC input and DC output. All are 
color coded by function and provide a high degree of isolation 
and noise immunity between the logic and external components. 

AC output module utilizes zero voltage turn-on and zero current 
turn-off of the load to greatly reduce generated EMI and RFI. It 
also features an internal dv/dt snubber network for protection 
from voltage transients on the line. 

For user convenience all modules are packaged in the industry 
standard plug-in enclosure with captive hold down screw. This al- 
lows modules to be interchanged in the field quickly and easily 
without disturbing wiring. 

On modules of the same voltage type, AC or DC, the output of 
output modules is compatible with the input of input modules. 
This makes these modules ideally suited for series operation 
applications. 



IAC/OAC 
IDC/ODC 

INPUT/OUTPUT 
MODULES 

SWFile E22575 (OAC) 
SWFile E29244 (IAC, IDC, & ODC) 
<§ File LR1 5734 

ENGINEERING DATA 
(all I/O modules) 

Switch form: 1 Form A 
Duty: Continuous 

Expected Life: 10 million to greater than 100 million operations; 

or 10,000 to 50,000 hours, or more, when operating within 

specified steady state current ratings. 
Isolation: 4000V rms, 60 Hz. (Pins 1 & 2 shorted, pins 3, 4 & 5 

shorted) 

Insulation resistance: 10' ohms 
Transient noise immunity: >3,000Vp.p* 

Series compatibility: The output of the AC output module is 
compatible with the input of the AC input module, and the out- 
put of the DC output module is compatible with the input of the 
DC input module. 

Storage temperature: -40°Cto + 85 ° C 

Operating temperature: -30°Cto + 80°C 

Approximate weight: 1 .2 oz. (34 grams) 



* Transient noise immunity is the ability to withstand external 
noise without triggering the load switch or transmitting the 
noise. Per NEMA ICS 2-230 (Electrical noise immunity test) 
these I/O modules typically demonstrate noise immunity of 
>8,000V P . P . 



SIMPLIFIED APPLICATION 



MICROPROCESSOR BASED 
CONTROL SYSTEM 



5V 
DC 



OUT 
[MOC 


PUT 
ULE 


120V 
AC 





MOTOR 



5V 
DC 




A 
INF 
MOC 


C 

'UT 
)ULE 



120V 
AC 



5V 
DC 



A 
INP 
MOC 


C 

UT 
ULE 


120v' 
AC 





LIMIT 
SWITCH 



5V 
DC 



I 



DC 
OUTPUT 
MODULE 



24V 
DC 



SOLENOID 
VALVE 



5V 
DC 

DC 
INPUT 
MODULE 



24V 
DC 



5V 
DC 

DC 
INPUT 
MODULE 



24V 
DC 



PRESSURE 
TRANSDUCER 



INPUT 
,20VAC 



IAC 

AC Input Modules 

File E29244f 
(S5 FileLR15734 



Paramet 


er 


Condition 


Units 


IAC5, IAC10, IAC15, 
IAC24, IAC30 


IAC5A, IAC10A. IAC15A, 
IAC24A, IAC30A 


IAC5E. IAC10E, IAC15E, 
IAC24E, IAC30E 


Input Vo 


tage 


Range 


VAC 


90-140 


180-280 


10-36 


Pick-Up 


Voltage 


Max. 


VAC 


90 


180 


10 


Drop-Out Voltage 


Min. 


VAC 


25 


50 


3 


Input Cu 
Pick-Up 


rrent at Rated 
Voltage 


Max. 


mA 


8 


6 


7 


Input Current at 
Max. Voltage 


Max. 


mA 


12 


8 


24 


Drop-Out Current at 


Max. 


mA 


2.0 


1.5 


1.1 


Min. Drop-Out Voltage 


Typ. 


mA 


1.7 


1.2 


.9 


Input Resistance 


Typ. 


K Ohms 


14 


41 


1.8 


Operatic 
DC Inpul 


n from 
Voltage 


Range 


VDC 


95-150 


200-300 


10-36 



Output Specifications 
( + 25°C, unless otherwise specified) 



Paramet 


sr 


Condition 


Units 


IAC5, 
IAC5A, 
IAC5E 


IAC10, 
I AC 1 0A, 
IAC10E 


IAC15, 
IAC15A, 
IAC15E 


IAC24, 
IAC24A, 
IAC24E 


IAC30, 
IAC30A, 
IAC30E 


Output T 
Blocking 


-ansistor 
Voltage 


Max. 


VDC 


30 


30 


30 


30 


30 


Output C 


urrent* 


Max. 


mA DC 


100 


100 


100 


100 


100 


Output L 
No Input 


sakage with 


Max. 
@ 30VDC 


MADC 


100 


100 


100 


100 


100 


Output Voltage Drop 
at Max. Current 


Max. 


VDC 


0.4 


0.4 


0.4 


0.4 


0.4 




Nom. 


VDC 


5 


10 


15 


24 


30 






Range 


VDC 


3-6 


6-13 


9-18 


18-28 


27-33 


Logic Su 
in Series 
Voltage) 


pply Current (LED 
with Nom. Logic 


Typ. 


mA DC 


10 


10 


10 


10 


10 


Turn On 


Time 


Max. 


ms 


20 


20 


20 


20 


20 


Turn Off 


Time 


Max. 


ms 


20 


20 


20 


20 


20 



fModels with "E" suffix are not UL/CSA. 
'Inductive loads should be diode suppressed. 




OAC 

AC Output Modules 



Input Specifications Hie b^575 

(-30°Cto +80°C) (H FileLR15734 



Parameter 


Condition 


Units 


OAC5, 
OAC5A 


OAC10, 
OAC10A 


OAC15, 
OAC15A 


OAC24, 
OAC24A 


OAC30, 
OAC30A 


Input Voltage 


Nom. 


VDC 


5 


10 


15 


24 


30 


Range 


VDC 


3-6 


6-13 


9-18 


18-28 


27-33 


Reverse Voltage Protection 


Max. 


VDC 


6 


13 


18 


28 


33 


Pick-Up Voltage 


Max. 


VDC 


3 


6 


9 


18 


27 


Drop-Out Voltage 


Min. 


VDC 


1 


1 


1 


1 


1 


Input Current at Rated 
Pick-Up Voltage 


Max. 


mA 


12 


14 


14 


14 


13 


Input Current at 
Max. Voltage 


Max. 


mA 


35 


35 


35 


25 


20 


Input Current (LED in series 
with Nom. Voltage) 


Typ. 


mA 


14 


18 


18 


14 


12 


Input Resistance 


Typ. 


Ohms 


180 


430 


680 


1500 


2400 



Voltage rise and fall rates of 1 v/ms or faster. 



Output Specifications 
(47 to 63 Hz. @ + 25°C, unless otherwise specified) 



Parameter 


Condition 


Units 


OAC5, OAC10, OAC15, 
OAC24, OAC30 


OAC5A, OAC10A, OAC15A, 
OAC24A, OAC30A 


Load Voltage 


Nom. 


V rms 


120 


240 


Range 


V rms 


OA 1 AC\ 


OA 9ftn 


Repetitive Blocking Voltage 


Min. 


V peak 


±200 


±400 


Non-Repetitive Blocking Voltage 


Min. 


V peak 


±275 


±400 


Steady State Load Current 


Max. (1,) 


A rms 


3 


3 


(See Derating Curves) 


Min. (I 2 ) 


mA rms 


20 


20 


Current Derating Factor for 
Rise from + 25°C to + 80°C 
Ambient 


@h 


A/°C 


.040 


.040 


Non-Repetitive Surge 
Current For 1 Cycle for the 


60 


100-2K Ops. 


A peak 


80 


80 


Hz. 


2K-20K Ops. 


A peak 


48 


48 


Expected Number of 
Operations Listed 


50 


100-2KOps. 


A peak 


72 


72 


Hz. 


2K-20K Ops. 


A peak 


43 


43 


Non-Repetitive Surge 
Current for 1 second 


Max. 


A peak 


20 


20 


Repetitive Surge Current 


100 ms 


A peak 


9 


9 


Leakage Current at Nom. 


Max. 


mA rms 


2 


1.5 


Load Voltage. 


Typ. 


mA rms 


1.7 


1.2 


On-State Voltage Drop. 


Max. @ I, 


V peak 


1.5 


1.5 


Initial Turn-On Voltage 


Typ. 


Vpeak 


20 


20 


Repetitive Turn-On Voltage 
for Successive Half Cycles 


Typ. 


V peak 


16 


16 


Static dv/dt 


Min. 


V/fis 


200 


200 


Typ. 


V/,iS 


400 


400 


Commutating dv/dt (Inductive load 
switching for loads of listed 
power factor (PF) or greater) 


@ I, 


PF 


.40 


.40 


@ l 2 


PF 


.20 


.20 


Turn On Time (Next 
Zero Voltage) 


Max. 


Cycle 


'/2 


Vi 


Turn Off Time (Next 
Zero Current) 


Max. 


Cycle 


Vl 


V2 


l J t Rating 


t =8.3 ms 




26 


26 





— IDC 

^ DC ln P ut Modules 

P° TTE 3-32VDC 

FileE29244f 
(£jf FileLR15734 

Input Specifications 
(-30°Cto +80°C) 


Parame 


ter 


_ 

r«nrtiti«n Unite IDC5, IDC1 0, IDC1 5, IDC5F, IDC10F, IDC15F 
Condition Units IDC24, IDC30 IDC24F, IDC30F 


Input Vo 


Itage 


Range VDC 3-32 3-32 


Reverse 


Voltage Protection 


Max. VDC 32 32 


Pick-Up Voltage 


Max. VDC 3 3 


Drop-Out Voltage 


Min. VDC, 1 1 


Input Current at Rated 
Pick-Up Voltage 


Max. mA 10 10 


Input Current at 
Max. Voltage 


Max. mA 15 15 


Input Ci 
Drop-Oi 


rrent at Rated 
it Voltage 


Max. mA 1 1 


Voltage rii 


ie and fall rates of 1 v/ms or faster. 

Output Specifications 
( + 25 °C, unless otherwise specified) 


Parame 


ter 


Condition Units IDC5 IDC10 IDC15 IDC24 IDC30 IDC5F IDC10F IDC15F IDC24F IDC30F 


Output 1 
Blockinc 


"ransistor 
j Voltage 


Max. VDC 30 30 30 30 30 30 30 30 30 30 


Output C 


Current* 


Max. mADC 100 100 100 100 100 100 100 100 100 100 


Output L 
with No 


.eakage 
nput 


@30VDC ,iADC 100 100 100 100 100 100 100 100 100 100 


Output V 
at Max. ( 


'oltage Drop 
Current 


Max. VDC 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 


Logic Supply Voltage 


Nom. VDC 5 10 15 24 30 5 10 15 24 30 


Range VDC 3.6 6-13 9-18 18-28 27-33 3-6 6-13 9-18 18-28 27-33 


Logic Supply Current 
(LED in Series with 
Nom. Logic Voltage) 


Typ. mADC 10 10 10 10 10 10 10 10 10 10 


Turn On 


Time 


Max. ms 5 5 5 5 5 .05 .05 .05 .05 .05 


Turn Off 


Time 


Max. ms 5 5 5 5 5 .1 .1 .1 .1 .1 


tModels \ 
*lnductiv 


vith "F" suffix are not UL/CSA. 

3 loads should be diode suppressed. 







ODC 

DC Output Modules 

FileE29244t 
(gj? File LR15734 



Input Specifications 
(-30°Cto +80°C) 



Parameter 


Condition 


Units 


ODC5, 
ODC5A 


ODC10, 
ODC10A 


ODC15, 
ODC15A 


ODC24, 
ODC24A 


ODC30, 
ODC30A 


Input Voltage 


Nom. 


VDC 


5 


10 


15 


24 


30 


Range 


VDC 


3-6 


6-13 


9-18 


18-28 


27-33 


Reverse Voltage Protection 


Max. 


VDC 


6 


13 


18 


28 


33 


Pick-Up Voltage 


Max. 


VDC 


3 


6 


9 


18 


27 


Drop-Out Voltage 


Min. 


VDC 


1 


1 


1 


1 


1 


Input Current at Rated 
Pick-Up Voltage 


Max. 


mA 


10 


10 


10 


10 


13 


Input Current at 
Max. Voltage 


Max. 


mA 


25 


25 


25 


20 


20 


Input Current (LED in Series 
with Nom. Voltage) 


Typ. 


mA 


9 


11 


12 


10 


12 


Input Resistance 


Typ. 


Ohms 


270 


680 


1000 


2200 


2400 



Voltage rise and fall rates of 1 v/ms or faster. 




Output Specifications 
( + 25°C, unless otherwise specified) 



Parameter 


Condition 


Units 


ODC5, ODC10, ODC15, 
ODC24, ODC30 


ODC5A, ODC10A, ODC15A, 
ODC24A, ODC30A 


Load Voltage 






5-60 


5-200 


Repetitive Blocking 
Voltage 


Min. 


VDC 


60 


200 


Non-Repetitive Blocking Voltage 


Min. 


VDC 


70 




Load Current* 

(See Derating Curves) 


Max. (I,) 


ADC 


3 


1 


Min. (I 2 ) 


mADC 


20 


20 


Current Derating Factor 
for Rise From +25°Cto 
+ 80°C Ambient 


h 


A/°C 


.040 


.013 


Non-Repetitive Surge 
Current for 1 Second 


Max. 


ADC 


5 


1.5 


Off State Leakage Current 


Max. 


mADC 


1.0@60VDC 


2.0 @ 200VDC 


Max. @ 32VDC 


mADC 


0.5 


0.4 


On State Voltage Drop 


Typ. @ I, 


VDC 


1.6 


3.0 


Turn On Time 


Max. 


us 




500 


Turn Off Time 


Max. 


MS 


500 


500 



tModels with "A" suffix are not UL/CSA. 
"Inductive loads should be diode suppressed. 



Ambient Temperature vs 
Maximum Steady State rms Current Rating 



OAC/ODC 
DERATING CURVES 

Module Mounting Temperature vs 
Maximum Steady State Current Rating 
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30 40 50 60 70 
Ambient Temperature °C 



80 



30 40 50 60 70 80 90 
Mounting Screw Temperature °C 



Ordering Information for Standard Models 



Part 


Type 


Case 




Max. Input Current 


Max. Load Current 


Number 


Color 


VoTtage 


at Max. Input Voltage 


at Max. L 


oad Voltage 


IAC5 


AC Input 


Yellow 




5VDC 


12 mA ( 


£140 VAC 


1 nn m a 

I UU [TIM 




IAC5A 


AC Input 


Yellow 


5VDC 


8 mA ( 


£ 280 VAC 


1 nn m A 


i7h \/nr 


IAC5E 


AC Input 


Yellow 


5VDC 


24 mA ( 


| 36 VAC 


1 nn m a 


LU OU VUO 


OAC5 


AC Output 


Black 


5VDC 


35 mA ( 


£ 6 VDC 




1 acs war 


OAC5A 


AC Output 


Black 


5VDC 


35 mA ( 


£ 6 VDC 




OQA WAP I 


IDC5 


DC Input 


White 


5VDC 


15 mA (< 


£ 32 VDC 


100 mA 


@ 30 VDC 


IDC5F 


DC Input 


White 


5VDC 


15 mA d 


£ 32 VDC 


100 mA 


@ 30 VDC 




DC Output 


Hed 


5 VDC 


25 mA (< 


5 6 VDC 


3A(3 


60 VDC 


ODC5A 


DC Output 


Red 


5VDC 


25 mA (5 


£ 6 VDC 


1 A@ 


200 VDC 


IAC10 


AC Input 


Yellow 


10 VDC 


12 mA (< 


£ 140 VAC 


100 mA 


@ 30 VDC 


IAC10A 


AC Input 


Yellow 


10 VDC 


8mAj 


£ 280 VAC 


100 mA 


@ 30 VDC 


IAC10E 


AC Input 


Yellow 


10 VDC 


24 mA G 


£ 36 VAC 


100 mA 


@ 30 VDC 


OAC10 


AC Output 


Black 


10 VDC 


35 mA (i 


£ 13 VDC 


3A<§ 


140 VAC 


OAC10A 


AC Output 


Black 


10 VDC 


35 mA (1 


£ 13 VDC 


3 A @ 


280 VAC 


IDC10 


DC Input 


White 


10 VDC 


15 mA (? 


£ 32 VDC 


100 mA 


@ 30 VDC 


IDC10F 


DC Input 


White 


10 VDC 


15 mA d 


£ 32 VDC 


100 mA 


@ 30 VDC 


ODC10 


DC Output 


Red 


10 VDC 


25 mA (J 


£ 13 VDC 


3 A @ 


60 VDC 


ODC10A 


DC Output 


Red 


10 VDC 


25 mA c< 


£ 13 VDC 


1 A@ 


200 VDC 


IAC15 


AC Input 


Yellow 


15 VDC 


12 mA c< 


£ 140 VAC 


100 mA 


@ 30 VDC 


IAC15A 


AC Input 


Yellow 


15 VDC 


8 mA ^ 


£ 280 VAC 


100 mA 


@ 30 VDC 


IAC15E 


AC Input 


Yellow 


15 VDC 


24 mA <i 


£ 36 VAC 


100 mA 


@ 30 VDC 


OAC15 


AC Output 


Black 


15 VDC 


35 mA 


£ 18 VDC 


3 A @ 


140 VAC 


OAC15A 


AC Output 


Black 


15 VDC 


35 mA 


£ 18 VDC 


3 A @ 


280 VAC 


IDC15 


DC Input 


White 


15 VDC 


15mA<< 


£ 32 VDC 


100 mA 


@ 30 VDC 


IDC15F 


DC Input 


White 


15 VDC 


15 mA (i 


£ 32 VDC 


100 mA 


@ 30 VDC 


ODC15 


DC Output 


Red 


15 VDC 


25 mA <i 


£ 18 VDC 


3 A @ 


60 VDC 


ODC15A 


DC Output 


Red 


15 VDC 


25 mA (1 


£ 18 VDC 


1 A@ 


200 VDC 


IAC24 


AC Input 


Yellow 


24 VDC 


12 mA (c 


b 140 VAC 


100 mA 


® 30 VDC 


IAC24A 


AC Input 


Yellow 


24 VDC 


8 mA (| 


b 280 VAC 


100 mA 


@ 30 VDC 


IAC24E 


AC Input 


Yellow 


24 VDC 


24 mA (? 


D 36 VAC 


100 mA 


@ 30 VDC 


OAC24 


AC Output 


Black 


24 VDC 


25 mA (c 


D 28 VDC 


3 A @ 


140 VAC 


OAC24A 


AC Output 


Black 


24 VDC 


25 mA <l 


b 28 VDC 


3A@ 


280 VAC 


IDC24 


DC Input 


White 


24 VDC 


15 mA (c 


e 32 VDC 


100 mA 


@ 30 VDC 


IDC24F 


DC Input 


White 


24 VDC 


15 mA <± 


i> 32 VDC 


100 mA 


@ 30 VDC 


ODC24 


DC Output 


Red 


24 VDC 


20 mA (c 


D 28 VDC 


3 A @ 


60 VDC 


ODC24A 


DC Output 


Red 


24 VDC 


20 mA | 


i 28 VDC 


1 A@ 


200 VDC 


IAC30 


AC Input 


Yellow 


30 VDC 


12 mA <c 


S 140 VAC 


100 mA 


@ 30 VDC 


IAC30A 


AC Input 


Yellow 


30 VDC 


8 mA c? 


i 280 VAC 


100 mA 


@ 30 VDC 


IAC30E 


AC Input 


Yellow 


30 VDC 


24 mA d 


S 36 VAC 


100 mA 


@ 30 VDC 


OAC30 


AC Output 


Black 


30 VDC 


20 mA (c 


D 33 VDC 


3 A @ 


140 VAC 


OAC30A 


AC Output 


Black 


30VDC 


20 mA 


b 33 VDC 


3 A @ 


280 VAC 


IDC30 


DC Input 


White 


30 VDC 


15 mA ^ 


f) 32 VDC 


100 mA 


@ 30 VDC 


IDC30F 


DC Input 


White 


30 VDC 


15 mA (t 


i 32 VDC 


100 mA 


@ 30 VDC 


ODC30 


DC Output 


Red 


30 VDC 


20 mA ct 


i 33 VDC 


3A@ 


60 VDC 


ODC30A 


DC Output 


Red 


30 VDC 


20 mA<£ 


D 33 VDC 


1 A@ 


200 VDC 



The models isted above are all potted units. Features such as metal oxide varistor or zener diode transient protection are available on 
Potter & Brumfield output models on a special order basis. 
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OPERATING DIAGRAMS 
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SYSTEM 

VOLTAGE 




CAPTIVE 

= 4-40 PHILLIPS 
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#35 IAC/IDC 




3 Load can be placed in either side of the line- 

OUTLINE DRAWINGS 

CAPTIVE 
= 4-40 PHILLIPS 
HEAD HOLD 
DOWN SCREW 




INPUT MODULES Ja_ 



'-jwn 




6.35 OAC/ODC 

OUTPUT MODULES 



inches 

All dimensions are given as mm 



The 210 series of mounting boards will accept as many as 4, 8, 
16 or 24 input/output modules in any combination. Modules may 
be inserted and removed, quickly and easily, without disturbing 
field wiring. Once inserted, modules may be secured to the board 
by threading the captive hold-down screws into the nuts attached 
to the board. 

An LED status indicator, plug-in 5 amp fuse, and 3.3K ohm pull- 
up resistor are provided on the mounting board for each module. 
Each module position may be color coded for convenience in 
maintaining and servicing the system. 

Screw terminals in barrier strips are used for logic supply input 
connections and field input/output connections on all mounting 
boards. The four-position board (2I0-4A) and one of the 16-posi- 
tion boards (2I0-16A) also have screw terminals in a barrier strip 
for connection to the logic system. Screw terminals on all mount- 
ing boards will accept two # 1 2 gauge wires. 

Mounting boards with 8, 16 and 24 positions (2IO-8, 210-16 and 
2IO-24) have card edge patterns which accept standard 50 pin 
cable connectors for logic connections. Eight position mounting 
board (2IO-8) will also accept a 26 pin cable connector. Each 
module position on these boards is served by two of the cable's 
conductors. Odd-numbered pins are used for signals while even- 
numbered pins are connected to logic ground. Jumper locations 
permit logic supply input to be introduced through the cable, 
rather than the screw terminals. 



2IO series 

MOUNTING BOARDS FOR 
INPUT/OUTPUT MODULES 

FEATURES 

• LED Status Indicators 

• Plug-in Fuses 

• Pull-up Resistors 

• Card Edge Logic Connections 
(2IO-8, 2IO-16and2IO-24) 

• Screw Terminal Logic Connections 

(2I0-4A& 2I0-16A) 

• Screw Terminals for Field Wiring 

• FileE61482 

• @ FileLP.15734 



Mounting Board Comparison Chart 

Interface Connector Types, Fuse Types and Agency Recognitions 



Part Nun 


iber 


2I0-4A 


2 1 0-8 


210-16 


210-1 6A 


210-24 


Number 
Module I 


of 

3 ositions 


4 


8 


16 


16 


24 


Nc 


>tes 


14 6 7 


2 3 4 6 7 


3 4 6 7 


14 6 7 


3 4 5 6 7 




1 


Barrier Terminal Strip 




2 


26-pin Card Edge Connector*: T&B Ansley P/N 609-2615M 

3M P/N 3462-0001 




3 


50-pin Card Edge Connector:* T&B Ansley P/N 609-501 5M 

3M P/N 3415-0001 




4 


5 Amp Fuse: Littlefuse P/N 275-005 
Bussmann P/N GFA5 




5 


1 Amp Fuse: Littlefuse P/N 275-001 
Bussmann P/N GFA1 




6 


UL Recognized / CSA Certified for 1 25V Max. with 5 amp fuses 




7 


UL Recognized / CSA Certified for 250V Max. with «22 solid 
copper jumper wire instead of 5 amp fuses 



Logic interface connector contacts are spaced on 0.1 " centers. 




2IO-4A MOUNTING BOARD 



Outline Drawing 



Power Barrier Block 
9 Terminal 2 Places 



3.50 
88.90 



LED Status 

Indicator 



300 
76.20 



.25 - 
6.35 



@ 


@ 


@ 





@ 


@ 


@ 
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@ 


I 


z 


£ 


f 


9 


9 


Z 


8 


6 




1 


2 


3 


4 I 5 


6 


7 


8 


9 


@ 


@ 


@ 


@|@ 


8 


@ 


@ 





4.00 



10.16 



4.50 



11.43 




Signal 
Barrier 
Block 



2.20 Max. to Top 
55.8 of Modules 



Mounting Board System 



© 



I/O 

Module 



® 



/ Mounting Board 
/ Sockets 



<2> 




3) 



Fuse 



LED 




■ Screw 
Terminals 



+ Logic 



r 



Edge Card 
Connector 
(2I0-4A& 210-1 6At 
screw terminals.) 



V Riveted Standoff 
\ Thru Hole 0.196 n . 
4 Places 4.978 ula 



0.75 
19.05 



All dimensions are given as '" m ^ s 



Schematic 



2 

a n 

co F2 



F3 



F4 



Field Input/Output 
F5 F6 F7 



Barrier Strip -J© © 


©] [©] [©] [©] [®] [©] 


Fuse 
5 Amp — 
Typ. 


-0 




-o I 


-o\ 


-o 



Barrier Strip - 



o 



LOGIC GND 



i-O 

O 



L4 L5 L6 L7 

Logic Input/Output - 



L8 L9 



Pull Up 
, Resistor 
3.3 k£2 
Typical 

LED 



210-8 MOUNTING BOARD 

Outline Drawing 



Barrier Strip 
2 Terminal 
Logic Supply Input 



1.40 
35.56 



Key Slot 



Pull Up 

Resistor 

3.50 3.3kfi 
88.90 




2.20 Max. to 
55.8 top of 

Modules 



Field Input/Output 



Barrier Strip F1 F2 



F3 F4 



F5 F6 



F7 F8 



F9F10 



F11F12 



F13F14 



F15F16 




Fuse 5 Amp 
Typ. 



Pull Up 
Resistor 
3.3kS2 
Typical 



LED 



User Installable 
Jumper (2 Pics) 
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210-16 MOUNTING BOARD 



Outline Drawing 



Barrier Strip 
2 Terminal 
Logic Supply Input 



Barrier Strip 
16 Terminal 2 Places 



Key Slot 




Arranged to Accommodate 50 Contact 
.1" Card Edge Connector 



3.3ki2 
Resistor 




2.20 Max. to top 
55.8 of modules 



inches 

All dimensions are given as mm 



Riveted Standoff 
Thru Hole 0.196 . 
4 Places 4.978 L 



Schematic 



Barrier Strips 



F3 F5 F7 F9 



- Field Input/Output 

F11 F13 F15 F17 F19 F21 F23 F25 F27 F29 



F31 



Logic 
Grid 




+ Logic 



+ Logic 



js Fuse 5 Amp 
Typ 



a 



$ m®\®\®\®-. 



m 



User Installable 
Jumper (2 Pics) 



Pull Up 

Resistor 

3.3kfi 



LED 
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210-1 6A MOUNTING BOARD 



Outline Drawing 




Barrier Strip 

2 Terminal 

Logic Supply Input 



Barrier Strip 3.3k£2 
16 Terminal 4 Places Resistor 




Max. 
2.20 to 
55.8 top 
of 

Modules 



Riveted Standoff 
Thru Hole 0.196 
4 Places 4.978 



All dimensions are given as inches 

mm 



Barrii 



F1 F3 F5 F7 



Schematic 



_ Field Input / Output 
F13 F15 F17 



F31 



Strip 



Fuse 5 Amp 
Typ 



LED 



Barrier Strip 




Pull Up 
Resistor 

3.3K 



L18 L20 L22 L24 L26 



210-24 MOUNTING BOARD 



Outline Drawing 

18.75 




-^ST \ ^r Tiiiiiiiiiiiiji m 

a . ct . \ T7\ Customer ^ Key Slot 

PSZffi Fuse L!Jop,ion_ ^ _ ^ _ 

Logic Supply Input 1 Amp 1 25.4 ~ 66.04 



1.00 
25.4 
2 Places 



10l6 Pull-Up 
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NOTES: 











1} Arranged to accommodate 50 contact 
0.1" center card edge connector. 



Riveted Standoff 
Thru Hole 0.196 
8 Places 4.978 



Dia. 



0.75 
19.05 



2 l + Logic available at Pin 49 by relocating 
fuse. 

Schematic 



All dimensions are given as 



Fuse 
1 Amp 



Field Input/Output 



Fuse 
5 Amp 
Typ. 



F9 F11 F13 F15 F17 F19 F21 F23 F2S F27 F29 F31 / F33 F35 F37 F39 F41 F43 F45 F47 



0© 00 © @@ 00 © © ©|@ 0@@@@@@@@©@0 ©/© ©@@©©@©@@©@©@©@© 



Logic 
Gnd 




+ Logic 



User Installable 
Jumper or 
Fuse 



Pull Up 
Resistor 

3.3 kfi 



STOCK ITEMS 

The following part numbers are included in Potter & Brumfield's 
distributor stock program. Therefore, they are much more likely 
to be in stock than are other part numbers which may be obtained 
using the ordering information charts for the various products. 
Part numbers which are not in stock are subject to standard OEM 
leadtimes. 



HYBRID RELAYS 



SOLID STATE RELAYS 







INPUT 


OUTPUT 


S©6 


TYPE 




Unite 


VAC 
Range 


Max. 
Amps 


Page 


•ECM1DE72 




5 DC 
12 DC 
24 DC 


24-140 


25 


23 


••ECT1AC22 


120 AC 


24-140 


3.5 


27 


•'ECT1AC42 


120 AC 


24-140 


10 


27 


•*ECT1AC72 


120 AC 


24-140 


25 


27 


•*ECT1AC74 


120 AC 


24-280 


25 


27 


••ECT1DB44 




24 DC 


24-280 


10 


27 


••ECT1DC22 




5 DC 
12 DC 
24 DC 


24-140 


3.5 


27 


: 

"ECT1DC42 




12 DC 
24 DC 


24-140 


10 


27 


••ECT1DC52 




5 DC 


24-140 


15 


27 


••ECT1DC72 




5 DC 
12 DC 
24 DC 


24-140 


25 


27 


•*ECT1DC74 




5 DC 
12 DC 
24 DC 


24-280 


25 


27 




SOLID STATE RELAYS 






INPUT 


OUTPUT 


See 
Page 


TYPE 




DC 
Volts 


VAC 
Range 


Max. 
Amps 


•EOM1DA22 




3-32 
5 
12 
24 


24-140 


3.5 


31 


•EOM1DA24 




3-32 
5 
12 
24 


24-280 


3.5 


31 


•EOM1DA42 




3-32 
5 
12 
24 


24-140 


10 


31 


•EOM1DA44 




3-32 
5 
12 
24 


24-280 


10 


31 


•EOM1DA54 






3-32 
5 
12 
24 


24-280 


15 


31 


•EOM1DA72 




3-32 
5 
12 
24 


24-140 


25 


31 


•EOM1DA74 




3-32 
5 
12 
24 


24-280 


25 


31 



TVDC 

1 T rC 


IKIDI IT 


OUTPUT 


See 
Page 


Volts 


VAC 
Range 


Max. 
Amps 


tcnn r»Doo 




OA 1 A C\ 


o ^ 


OO 


•tU 1 I UDh*: 


o-od 


24-140 


10 




•EOT1DB52 


3-32 


24-140 


15 


35 


•EOT1DB72 


3-32 


24-140 


25 


35 


•EOT1DC22 


3-32 
5 


24-140 


3.5 


35 


•EOT1DC42 


5 


24-140 


10 


35 


•EOT1DC72 


3-32 
5 


24-140 


25 


35 


•EOT1DC74 


3-32 
5 


24-280 


25 


35 


ETC-1000 


18-32 


24-140 


25 


39 


ETC-1100 


18-32 


24-140 


25 


39 



INPUT/OUTPUT MODULES 



TYPE 



*IAC5 
*IAC5A 

IAC5E 
*IAC15 
*IAC15A 

IAC15E 
•IAC24 
*IAC24A 

IAC24E 



*IDC5 
IDC5F 

*IDC15 
IDC15F 

*IDC24 
IDC24F 



*OAC5 

*OAC5A 

*OAC15 

•OAC15A 

*OAC24 

*OAC24A 



*ODC5 

*ODC15 

"ODC24 



Usage 



AC 
Input 



DC 
Input 



AC 
Output 



DC 
Output 



DC 
Logic 
Volts 



5 
5 
5 
15 
15 
15 
24 
24 
24 



5 
5 
15 
15 
24 
24 



5 
5 
15 
15 
24 
24 



5 
15 
24 



Norn. 
Input 
Volts 



120AC 
240AC 

24AC 
120AC 
240AC 

24AC 
120AC 
240AC 

24AC 



3-32DC 
3-32DC 
3-32DC 
3-32DC 
3-32DC 
3-32DC 



5DC 
5DC 
15DC 
15DC 
24DC 
24DC 



5DC 
15DC 
24DC 



Max. Load 
Amps at 
Max. Load 
Volts 



,1@30DC 
1@30DC 
.1@30DC 
1@30DC 
1@30DC 
1@30DC 
.1@30DC 
.1@30DC 
.1 @30DC 



.1@30DC 
.1@30DC 
.1@30DC 
.1@30DC 
.1@30DC 
,1@30DC 



3@140AC 
3@280AC 
3@140AC 
3@280AC 
3@140AC 
3@280AC 



3@60DC 
3@60DC 
3@60DC 



MOUNTING BOARDS 



tHeight is measured to top of mounted modules. 



•UL recognized component. 
"CSA certified component. 



See 
Page 



42 



42 



42 



42 





Number 


Approximate 






of 


Dimensions 


See 


TYPE 


Module 


in inches 


Page 




Positions 


(L x W x Hf) 




•*2IO-4A 


4 


4.5x3.5x2.2 




•*2IO-8 


8 


8.4x3.5x2.2 




•*2IO-16 


16 


14.4x3.5x2.2 


49 


•*2IO-16A 


16 


14.05x3.5x2.2 




•*2IO-24 


24 


18.75x4.5x2.2 





GLOSSARY 



Bounce— Contact bounce is the damped rebounding of the movable 
after first striking the stationary upon make of the contacts, or upon 
remake after the contacts have opened due to shock, vibration, or 
acceleration. 

Breakover Turn-On— Turn-on of an SSR in the absence of input 
control due to a voltage across the output in excess of the forward 
breakover voltage. 

Buffer— An isolating circuit used to avoid reaction of a driven circuit 
upon the corresponding driving circuit. 

Commutating-Off— The characteristic of a thyristor to revert to the 
off-state when load current falls below the minimum on-state holding 
current. 

Commutation— The transfer of AC load current from one thyristor 
(or triac operating state) to another as the current passes through 
zero on the AC cycle. 

Control Voltage and/or Current, Nominal-The normal control 
voltage and/or current intended to be applied to the input of an SSR. 

Control Voltage and/or Current, Maximum— The maximum control 
voltage and/or current intended to be applied to the input of an SSR. 

Current, AC Leakage— The effective current that flows in the load 
circuit when an SSR is in the off-state. 

Current, Inrush— The current flowing in a load circuit immediately 
following turn-on. For capacitive, transformer, motor and tungsten 
lamp loads the level of the inrush usually will exceed the steady state 
current for some period of time following turn-on. 

Current, Load— The current that flows in the load circuit when an 
SSR is on. 

Current, Nonrepetitive Surge, Peak, Maximum— The maximum 
nonrepetitive peak surge current that may be conducted by an SSR 
for a specific duration. Relay control may be lost during and follow- 
ing the surge due to excessive heating. Stresses incurred have a 
cumulative effect. 

Current, On-State Holding, Minimum— The minimum current 
required to maintain an SSR in the on-state. 

Current, Repetitive Surge, Peak Maximum— The maximum repeti- 
tive peak surge current that may be conducted by an SSR for a spe- 
cific duration and duty cycle while still maintaining output control. 

Current, Steady State rms, Maximum— The maximum effective 
steady state current conducted by an SSR. 

Dielectric Strength— The maximum allowable AC rms voltage which 
may be applied between input and output, input to case and output 
to case. 

di/dt, Breakover Voltage Turn-On, Maximum— The maximum non- 
repetitive rate of rise of load current when an SSR is turned on by a 
voltage breakover. Higher di/dt may damage the relay. 

di/dt, Input Controlled Turn-On, Maximum— The maximum non- 
repetitive rate of rise of load current when an SSR is turned on by the 
control input. Higher di/dt may damage the relay. 

Duty Cycle— A statement of on-time and off-time in a repetitious op- 
eration, for example, 2 seconds on, 6 seconds off, 2 seconds on, 
etc. 

dv/dt, Commutating, Maximum— The maximum rate of rise of re- 
applied AC line voltage to the off-state output immediately following 
a zero current turn-off. Higher commutating dv/dt may prevent input 
controlled turn-off of the SSR. 

dv/dt, Off-State, Maximum— The maximum rate of rise of off-state 
voltage to be applied to the output. Higher dv/dt may result in turn- 
on of the SSR. 



Electromechanical Relay (EMR)— A relay that mechanically opens 
or closes metallic electrical contacts by utilizing an electrical input to 
create a motive force to perform the mechanics of moving the con- 
tacts. (The most common type electromechanical relay is the elec- 
tromagnetic and is the one usually thought of when reference to an 
EMR device is made.) (NARM) 

Electromagnetic Interference (EMI)— The impairment of a desired 
electromagnetic signal by a superimposed electromagnetic disturb- 
ance or phenomenon. 

Half Cycling— A false turn-on of the off-state SSR for a portion of 
one half cycle. It is usually caused by load circuit voltage transients 
appearing across the output that exceed off-state dv/dt and/or 
breakover voltage capabilities of the relay. 

Hybrid Electromechanical Relay (HEMR)-A relay with isolated in- 
put and output in which electromechanical and electronic devices 
are combined to perform a switching function with an electro- 
mechanical output. Switching characteristics are dictated by 
electromechanical relay specifications. (NARM) 

Hybrid Solid State Relay (HSSR)— A relay with isolated input and 
output in which electromechanical and electronic devices are com- 
bined to perform a switching function with a solid state output. 
(NARM) 

Hysteresis— The difference between the "must operate" and "must 
release" control voltages. 

Input— That portion of an SSR /HSSR to which a control signal is 
applied in order to achieve the switching function. 

Isolation— The value of insulation resistance, dielectric strength, and 
capacitance measured between the input and output, input to case, 
and output to case. 

Light Emitting Diode (LED)— A semiconductor device from which 
light is produced when a forward current flows as a result of applied 
voltage. 

Must Not Operate Voltage and/or Current— The maximum control 
voltage which can be applied to the relay input and have it remain in 
the nonoperate state. 

Must Operate Voltage and/or Current— The specified control volt- 
age and/or current level at which the output will change state. 

Must Release Voltage and/or Current— The specified applied con- 
trol voltage and/or current level which will allow the relay, once 
operated, to change state. 

Operate Time— The time lapse between the application of a step 
"must operate" voltage and/or current and the change of state at 
the output when switching at rated voltage, current, and line 
frequency. (NARM) 

Opto-Coupled SSR— An SSR where isolation between input and 
output is provided by light transmission within an opto-coupler. 
These relays usually incorporate zero voltage turn-on. 

Output— That portion of an SSR which performs the switching 
function required. 

p-n Junction— A region of transitions between p-type and n-type 
semiconducting material. 

Power Dissipation— The average power dissipation at a given load 
current. 

Radio Frequency Interference (RFI)— Electromagnetic interference 
in the radio frequency range. 

Random Turn-On— Initial turn-on may occur at any point on the AC 
line voltage cycle except at or very near zero voltage. 



GLOSSARY 



Reed Relay Coupled HSSR— An HSSR where isolation between in- 
put and output is provided by the magnetic circuit of the reed relay. 
These relays are usually random turn-on devices. 

Release Time— The time lapse between the application of a step 
transition from the maximum allowable voltage and/or current to the 
must release voltage and/or current and a change in state of the 
output when switching rated voltage, current and line frequency. 
(NARM) 



Resistance, 

between 



input 



Resistance, Thermal— Temperature rise per unit power dissipation 
above the temperature of a reference point under condition of 
thermal equilibrium, in degrees Celsius per watt (°C/W). 



Silicon 

thyristor 



Controlled 



Snubber 

that is 
load circuit 
tion thereby 
control 



Solid State 



and without 



Insulation— The minimum allowable DC resistance 
t and output, input to case, and output to case. 



Transformer Coupled SSR— An SSR where isolation between input 
and output is provided by the transformer in the transformer coupler. 

Transient— A temporary current or voltage excursion that occurs in 
a circuit because of a sudden change of voltage or load. 

Triac— A bidirectional triode thyristor used for switching AC current. 

Voltage, Breakover— The voltage across the output of an SSR in the 

off-state at which a breakover turn-on occurs. 

Voltage, On-State— The voltage drop through the output of an SSR 
in the on-state. 



i— The maximum 
the off-state. Higher 



(SCR)-A reverse blocking triode 



(dv/dt Network)-Typically a series RC network 
placed across the output of an SSR. It reduces the dv/dt of 
transients and reapplied line voltage during commuta- 
reducing susceptibility to false turn-on and loss of 



Relay (SSR)— A relay with isolated input and output 



whose func ions are achieved by means of electronic components 



the use of moving parts. (NARM) 



Thyristor— A bistable semiconductor device that can be switched 
from the off-state to the on-state or vice versa. 



Voltage, Nonrepetitive Peak Blocking, 

voltage to be applied to the output of an SSR 
voltages may result in breakover turn-on. 

Voltage, Repetitive Peak Blocking, Maximum— The maximum 
peak steady state voltage to be applied to the output of an SSR in the 
off -state. 

Zero Current Turn-Off— Turn-off at essentially the zero crossing of 
the load current that flows through an SSR. A thyristor will turn off 
only when the current falls below the minimum holding current. If in- 
put control is removed when the current is a higher value, turn-off 
will be delayed until the next zero current crossing. 

Zero Voltage Turn-On— Initial turn-on occurs at a point near zero 
crossing of the AC line voltage. If input control is applied when the 
line voltage is at a higher value, initial turn-on will be delayed until the 
next zero crossing. 

1 Form A— A single pole single throw normally open switch. 




57 



POTTER & BRUMFIELD WORLDWIDE SALES OFFICES 



United States Central Region Sales and Service 

Potter & Brumfield Division AMF Incorporated 

900 Jorie Boulevard, Suite 172, Oak Brook, Illinois 60521 Phone: 312/887-0811 TWX: 910-651-0004 



ILLINOIS 60007, Elk Grove 

Oasis Sales Corporation 
1101 Tonne Road 
Phone: 312/640-1850 

INDIANA 46804, Fort Wayne 

R. O. Whitesell & Associates, Inc. 
3426 Taylor Street 
Phone: 219/432-5591 

INDIANA 46219, Indianapolis 

R. O. Whitesell & Associates, Inc. 
6691 East Washington Street 
Phone: 317/359-9283 

INDIANA 46901, Kokomo 

R. O. Whitesell & Associates, Inc. 
1825 S.Plate Street 
Suite A 

Phone: 317/457-9127 



KENTUCKY 40223, Louisville 

R. O. Whitesell & Associates, Inc. 
110 Daventry Lane— Suite 210 
Phone: 502/426-7696 

MICHIGAN 49506, Grand Rapids 

R. O. Whitesell & Associates, Inc. 
688 Cascade West Parkway, S.E. 
Phone: 616/942-5420 

MICHIGAN 48075, Southfield 

R. O. Whitesell & Associates, Inc. 
18444 West Ten Mile Road 
Phone: 313/559-5454 

MICHIGAN 49085, St. Joseph 

R. O. Whitesell & Associates, Inc. 
1822 Hilltop Road 
Phone: 616/983-7337 



MINNESOTA 55435, Edina 

Mel Foster Technical Sales, Inc. 
P.O. Box 35216 

7611 Washington Avenue South 
Phone: 612/941-9790 

OHIO 45231, Cincinnati 

R. O. Whitesell & Associates, Inc. 

1172W.Galbraith 

Phone: 513/521-2290 & 2291 

OHIO 441 31, Cleveland 

R. O. Whitesell & Associates, Inc. 
6000 West Creek Road, Suite 21 
Phone: 216/447-9020 

OHIO 43229-2589, Columbus 

R. O. Whitesell & Associates, Inc. 
6161 Busch Boulevard, Suite 108 
Phone: 614/888-9396 



OHIO 45439, Dayton 

R. O. Whitesell & Associates, Inc. 
4133 South Dixie Avenue 
Phone: 513/298-9546 

PENNSYLVANIA 15238, Pittsburgh 

R. O. Whitesell & Associates, Inc. 
1360 Old Freeport Road 
Phone: 412/963-6161 

WISCONSIN 53212, Milwaukee 

E. A. Dickinson & Associates, Inc. 
3612 North Green Bay Avenue 
Phone: 414/264-1080 



United States Eastern Region Sales and Service 

Potter & Brumfield Division AMF Incorporated 

10 Forbes Road, Braintree, Massachusetts 02184 Phone: 617/848-6550 TELEX: 94-0305 



MARYLAND 21227, Baltimore 

Micro-Comp, Inc. 
1919 Lansdowne Road 
Phone: 301/247-0400 

MASSACHUSETTS 02173, Lexington 

Hathaway Electronics, Inc. 
594 Marrett Road 
P.O. Box 8 

Phone: 617/861-7010 

NEW JERSEY 08055, Medford 

Jack W. McCoy, Inc. 
291 B-1 Chester Avenue 
Phone: 609/953-0770 

215/WA 2-7333 (Phila.) 

NEW YORK 11746, Melville 

Comtronic Associates, Inc. 
555 Broad Hollow Road 
Phone: 516/249-0505 



NEW YORK 14623, Rochester 

Ossmann Component Sales Corp. 
280 Metro Park 
Phone: 716/424-4460 

NEW YORK 13211, Syracuse 

Ossmann Component Sales Corp. 
154 Pickard Bldg. 
Phone: 315/455-6611 

PENNSYLVANIA 17111, Harrisburg 

Beil & Whitaker, Inc. 
3209 Wayne St. 
Phone: 717/564-6900 

PENNSYLVANIA 18069, Orefield 

Beil & Whitaker, Inc. 
3027 Magnolia Drive 
Green Hills 
Phone: 215/395-0150 



PENNSYLVANIA, Philadelphia 

See New Jersey, Medford 

Jack W. McCoy, Inc. 

Phone: 215/WA 2-7333 (Philadelphia) 

PENNSYLVANIA 19565, Wernersville 

Beil & Whitaker, Inc. 
51 Grandview Ave., 
P.O. Box 188 
Phone: 215/670-1111 



Caribbean Region 
Sales and Service 

PUERTO RICO 00922, San Juan 

Electronic Technical Sales, Inc. 

P.O. Box 10758 

Caparra Heights Station 

Phone: 809/780-8259 

809/723-9220 ext. 246 
(24 hr. answering) 



United States Western Region Sales and Service 

Potter & Brumfield Division AMF Incorporated 

26131-D Avenida Aeropuerto, San Juan Capistrano, California 92675 Phone: 714/493-4503 TWX: 910-596-1412 



ARIZONA 85064, Phoenix 

Howe & Howe Sales, Inc. 
4109 N. 18th St. 
P.O. Box 10497 
Phone: 602/264-7971 

CALIFORNIA 90230, Culver City 

Bestronics, Inc. 

5150 Overland Ave., Suite E 1 

Phone: 213/870-9191 (Los Angeles) 

CALIFORNIA 92714, Irvine 

Bestronics, Inc. 
18011 Sky Park Circle 
Suite L 

Phone: 714/261-7233 



CALIFORNIA 94022, Los Altos 

Elliott Recht Associates 
2251 Grant Road 
Phone: 415/964-6321 

CALIFORNIA 92121, San Diego 

Bestronics of San Diego, Inc. 
10150 Sorrento Valley Road 
Suite 300 

Phone: 619/452-5500 

CALIFORNIA 91367, Woodland Hills 

Bestronics, Inc. 

6351 Owensmouth Ave., Suite 102 
Phone: 818/704-5616 



COLORADO 80120, Littleton 

Simpson Associates, Inc. 
2552 Ridge Road 
Phone: 303/794-8381 

NEW MEXICO 87110, Albuquerque 

C. T. Carlberg & Associates, Inc. 
P.O. Box 3177 
2530 Washington, N.E. 
Phone: 505/888-3883 



UTAH 84047, Midvale 

Simpson Associates, Inc. 

7324 South 1300 East/Suite 350 

Phone: 801/566-3691 

WASHINGTON 98115, Seattle 

Northmar, Inc. 
P.O. Box 15220 
1011 N.E. 69th Street 
Phone: 206/524-5170 



